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UREA DERIVATIVES AS INHIBITORS OF IMPDH ENZYME 

TECHNICAL FIELD OF THE INVENT ION 
Tne present invention relates to a novel 
5 class of compounds which inhibit IMPDH. This invention 

also relates to pharmaceutical compositions comprising 
these compounds. The compounds and pharmaceutical 
compositions of this invention are particularly well 
suited for inhibiting IMPDH enzyme activity and 
10 consequently, may be advantageously used as therapeutic 

agents for IMPDH mediated processes. This invention 
a^sc relates tc methods for inhibiting the activity of 
IMPDH using the compounds of this invention and related 
compounds . 

15 

BACKGROUND OF THE INVENT I CN * 
Che synthesis of nucleotides m organisms is 
required for the cells in those organisms to divide and 
replicate. Nucleotide synthesis in mammals may be 
2C achieved through one cf two pathways: the do novo 
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synthesis pathway cr the salvage pathway. Different 
cell types use these pathways to a different extent. 

Inc s me- 5 ' -monophosphate dehydrogenase 
; IMPDH; EC 1,1.1.2 05) is an enzyme involved in the de 
5 novo synthesis of guanosme nucleotides . IMPDH 

catalyzes the NAD-dependent cxiaaticn of ir.osine-5'- 
moncphosphace (IMP; to xanthos me- 5 ' -monophosphate 
;XMP; ; Jackson R.C. et . al . , Nature , 256, pp. 331-333, 
' 1975} j . 

10 IMPDH is ubiquitous m eukaryotes, bacteria 

and protozoa [Y. Natsumeda & S.F. Carr, Ann. N.Y. 
Acad. , 696, pp. 88-93 [1993]]. The prokaryotic forms 
snare 3 C - 4 0 . sequence identity with the human enzyme. 
Regardless of species, the enzyme follows an orcered 

15 Bi-Bi reaction sequence of substrate and cofactor 

binding and product release. First, IMP binds to 
IMPDH. This is followed by the binding of the cofactor 
NAD. The reduced cofactor, NADH , is then released from 
the product, followed by the product, XMP [S.F. Tarr et 

20 al., J. Biol. Chem. , 268, pp. 27286-90 (1993); E.W. 

Holmes et al., Biochim. Biophys . Act a, 3 64, pp. 2 09-21" 
11974);. This mechanism differs from, that of most 
other known NAD-dependent dehydrogenases, which have 
either a random order of substrate addition or require 

25 NAD to bind before the substrate. 

Two iso forms of human IMPDH, designateo type 
I and type II, have been identified ana sequenced [F.R. 
Co Hart and E. Huberman, J . 3iol . Them . , 263, pp. 
15769-15^^2, ;1988); Y, Natsumeda et. al., J. Biol. 

30 Chem. , 265, pp. 5292-5295, (1 990;:. Fact is 514 ammo 

acids, and they snare 84 1 sequence identity. 3cth 
IMPDH type I and type II form active ter.ramers in 
solution, with subun.it molecular weights of 56 kDa ' Y. 
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Yamaaa et . al . , Biochemistry , 2"', pp. 273^-2745 
(1988) ] . 

Trie de novo synthesis of guanos me 
nucleotides, and thus the activity of IMPDH , is 
5 particularly important m B and T- 1 ymphccy t es . These 

cells depend on the de novo, rather than salvage 
pathway to generate sufficient levels of nucleotides 
necessary to initiate a proliferative response to 
ntogen c: antigen [A.C. Allison et. al., Lancet 1 1 , 
10 1179, C?75> and A.C. Allison et. al . , Ciba Found . 

5yrap . , 4t, 2C7, (1977)]. Thus, IMPEH is an attractive 
target fcr selectively inhibiting the immune system 
without also inhibiting the proliferation of other 
cells . 

1- Imir.ur.osuppressior. has been achieved by 

inhibiting a variety of enzymes including for example, 
the phosphatase calcmeurm (inhibited by cyclosporin 
and FK-506) ; dihydrocrot a t e dehydrogenase, an enzyme 
involved in the biosynthesis of pyrimidines (inhibited 

20 by leflunomide and brequmar) ; the kinase FRAP 

(inhibited by rapamycm;; and the heat shock protein 
nsp7C (inhibited by deoxyspergual m ; . [See B. D. Kahan, 
1 mm. uno logical Reviews , 13 6, pp . 29-49 (1993); R . L . 
Morris, The Journal of Heart and Lung Transplantation , 

25 12(6;, pp. S275-S266 (1993)]. 

Inhibitors of IMPDH are also known. United 
States patents 5,380,6^9 and 5,444,07;: and PCT 
publications WO 94/01105 and WO 94/12164 describe 
mycophenoiic acid (MPA: ana some of its 'derivatives as 

30 potent, uncompetitive, reversir. ie inhibitors cf human 

IMPDH type I (K i = 33 nM ; and type II ;?:-=.} nM ) . MPA has 
been demonstrated to bloc;-: the response of 3 and T- 
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ceils to mitogen or antigen [A. C . Allison et . al . 
Ann. N. Y. Acad. Set,, 696, 63, 1993'. 




5 MPA 

Immunosuppressants, such as MPA, are useful 
drugs in the treatment of transplant reaction ana 
autoimmune diseases. [R. E. Morris, Ki dney I nt I . , 4 9, 
Suppl . 53, S-2 6, (1996)]. However, MPA is 

10 characterized by undesirable pharmacological 

properties/ such as gastrointestinal ::x:::ty and pocr 
bioavailability. [1. M. Shaw, et. al., Therapeutic Drug 
Monitoring , 1 ~? , pp. 69C-699, :1995)]. 

Nucleoside analogs such as tiazofurm, 

15 ribavirin and mizoribme aisc inhibit IMPDH ;l. 

Hedstrom, et. al. Biochemi s t r y , 29, pp. 8-19-8 54 
(1990 1 ]. These compounds, which are competitive 
inhibitors cf IMPDH , suffer from lack cf specificity to 
thi s enzyme . 

20 Mycophenolate mofetil, a prodrug which 

quickly liberates free MPA in vivo, was recently 
approved to prevent acute renal a.icgraft rejection 
following kidney transplantation. f 1 . M. Shaw, et. 
a 1 . , Therapeutic Drug Monitoring , 1 ™ , pp. 690-699, 

25 (1995:; H. W. Scllmger, Transplantation , 6C, pp. 225- 

232 (1995)]. Several clinical observations, however, 
limit the therapeutic potential of this drug. (L. M. 
Shaw, et. al., Therapeutic Drug Monitoring , 1 " , pp. 
590-699, .1995) i. MPA is rapidly metabolized tc the 
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inactive glucuronide in vivo. lA.C., Allison and P.M. 
Pug u - , Immunological Reviews , 13 6, pp . 5-28 (1993)]. 
Thf: glucuronide then undergoes en t e r c nepa t: i c recycling 
causing accumulation of MFA m the gastrointestinal 
5 tract where it cannot exert its IMPPH inhibitory 

activity on the immune system. Tnis effectively lowers 
the drug's in vivo potency, while increasing its 
undesirable gastrointestinal side effects. 

It is also known chat IMPDH plays a role in 

10 other metabolic events. Increased IMPPH activity has 

been observed in rapidly proliferating human leukemic 
cell lines and other tumor cell lines, indicating IMPDH 
as a target for anti-cancer as well as 
i.Tjnunosuppressive chemotherapy [M. Nagai et. al . , 

lb Cancer Res . , 51, pp. 3886-389C, (1991}]. IMPDK has 

also been shown to play a role m the proliferation of 
smooth muscle cells, indicating that inhibitors of 
IMPDH, such as MPA or rapantycin, may be useful in 
preventing restenosis or Dther hype rprc 1 l fe rati ve 

20 vascular diseases [C. R . Gregory et a!., 

Transp 1 an t a 1 1 on , 59, pp. 655-61 (1995); PCX publication 
WO 94/12184; and PCT publication WO 94/011051. 

Additionally, IMPDH has been shown to play a 
role m viral replication m some viral cell lines. 

2 5 [S.F. Carr, J . Biol . Chem . , 26P, pp. 2^2 8 6-2 72 90 

; 19 9 3; ] . Analogous to lymphocyte and tumor ce.I lines, 
the implication is that the de novo, rather than the 
salvage, pathway is critical in the process of viral 
rep I icat ion . 

30 The IMPDH inhibitor ribavirin is currently 

being evaluated for the treatment of hepatitis-! virus 
:HC T A and hepatitis-5 virus ;HBVj infection and 
disease. Ribavirin enhances the sustained efficacv of 
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interferon m HEV and HCV treatment . However, the 
therapeutic potential of ribavirin is limited cv its 
lack cf a sustained response m nor.ctherapy ana broac 
cellular toxicity. 

Thus, there remains a need for potent IMPDH 
inhibitors with improved pharmacological properties. 
Such inhibitors would have therapeutic potential as 
immunosuppressants, ant 1 -cancer agents , an t i - vascul a r 
nyperprolif erative agents, antiinflammatory agents, 
antifungal agents, antipsoria: lc and anti-viral agents 

SUMMARY OF THE INVENTION 
The present invention provides compounds, an 
pharmaceutically acceptable derivatives thereof, that 
are useful as inhibitors cf IMPDH . These compounds ca 
be used alone or in combination with other therapeutic 
or prophylactic agents, such as an::-v:rals, anti- 
inflammatory agents, antibiotics, and 

immunosuppressants for the treatment or prophylaxis cf 
transplant rejection ana autoimmune disease. 
Additionally, these compounds are useful, alone or m 
combination with other agents, as therapeutic and 
prophylactic agents for antiviral, anti-tumcr, anti- 
cancer, anti 'iammatory agents, antifungal agents, 
antipsor iat i^ immunosuppressive chemotherapy and 
restenosis therapy regimens. 

The invention also provides pharmaceutical 
compositions comprising the compounds tf this 
invention, as well as mu 1 t i - component compositions 
comprising additional IMPDH compounds together with an 
immunosuppressant. The invention also provides method 
cf using the compounds of this invention, as well as 
other related compounds, for the inhibition of IMPDH . 
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The compounds of this mver.ucn, as well as 
those used in the methods of this invention demonstrate 
a different metabolic profile than MPA and its 
derivatives. Because of this difference, methods of 
this invention and the compounds used therein may cffer 
advantages as therapeutics for IMPDH mediated disease. 
These advantages include increased overall therapeutic 
benefit and reduction in deleterious side effects. 
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DETAILED DESCRIPTION OF THE INVENTION 
In order that the invention herein described 
may be more fully understood, the following detailed 
description is set forth. In the description, the 
following abbreviations are used: 

Designation Reagent or Fragmen t 



Ac 

Me 

Et 

Bn 

CD I 

DIEA 

DMAP 

DMF 

DM SO 

EDC 

EtOAc 
THF 



acetyl 
methyl 
ethyl 
ben:yl 

tarbonyldi imidazole 

d i i s op r op y 1 e t h y i am l n e 

dimethylammopyridine 

dime thy 1 f ormamide 

dime tnylsul f oxide 

1 - ' ^ -dime thy laminopropy 1 ) - 3 - 

ethylcarbDdi imide hydrochloride 

ethyl acetate 

t et rahydro f uran 



The following terms are- employed herein: 
Unless expressly stated to the contrary, the 
terms "-SO2-" and "-S.'0) r " as used herein refer to a 
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sulfone or suifone derivative (i.e., both apper.deci 
groups linked to the S ;■ , and net a sulfmate ester. 

The terms "halo" or "halogen" refer to a 
radical of fluorine, chlorine, bromine or iodine. 
5 The term "immunosuppressant" refers to a 

compound or drug which possesses immune response 
inhibitory activity. Examples of such agents include 
cyclosporin A , FK506, rapamycin, ieflunomide, 
deoxyspergualm, prednisone, aza t hiopr ine , 
10 mycophenolate mofetil, OKT3 , ATAG , interferon and 

mi zcrib ine . 

The term "interferon" refers to ail forms of 
interferons, including but not limited to alpha, beta 
and gamma forms. 

- r IMPDH-mediat ed disease refers to any disease 

state in which the IMPDH enzyme p^ays a regulatory role 
m the metabolic pathway of that disease. Examples of 
IXPDH-mediated disease include transplant rejection ana 
autoimmune diseases, such as rheumatoid arthritis, 

20 multiple sclerosis, luvenile diabetes, asthma, and 

inflammatory bowel disease, as well as inflammatory 
diseases, cancer, v:ra, replication diseases ana 
vascular diseases. 

For example, the compounds, compositions ana 

2b methods of using them of this invention may oe used in 

the treatment of transplant rejection {e.g., kidney, 
liver, heart, lung, pancreas (islet cells:, bone 
marrow, cornea, small bowel and skin allografts and 
heart valve xenografts i and autoimmune diseases, such 

— ' as rheumatoid arthritis, multiple sclerosis, juvenile 

diaoetes, asthma, inflammatory bowel disease (Crohn's 
disease, ulcerative colitus,, lupus, diabetes, mellitus 
myasthenia gravis, psoriasis, dermatitis, eczema, 
sebcrrnoea, pulmonary inflammation, eye uveitis, 
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heparins, brave's disease, Hashir.orc' s thyroiditis, 
Behcet's or S]orgen' s syncrcme (dry eyes /mouth ; , 
pernicious or imir.unohaer.olytic anaemia, idiopathic 
adrenal insufficiency, polyglandular autoimmune 
5 syndrome, and glomerulonephritis, scleroderma, lichen 

planus, viteligo (depigmentation of the skin.), 
autoimmune thyroiditis, anc alveolitis, inflammatory 
diseases such as osteoarthritis, acute pancreatitis, 
chronic pancreatitis, asthma and adult respiratory 

1C unstress syndrome, as well as in the treatment o: 

cancer and tumors, such as solid tumors, lymphomas and 
leukemia, vascular diseases, such as restenosis, 
stenosis ana artherosciercsis, and DN'A and RNA viral 
replication diseases, such as retroviral diseases, and 

1 5 herpes . 

Additionally, IMPDH enzym.es are also known to 
be present in bacteria and thus may regulate bacterial 
growth. As such, the IMPHH- inhibitor compounds, 
compositions and methods describes herein may be useful 

20 in treatment or prevention of bacterial infection, 

alone or in combination with other antibiotic: agents. 

The term "treating" as used nerem refers to 
the alleviation of symptoms of a particular disorder in 
a patient or the improvement of an ascertainable 

25 measurement associated with a particular disorder . As 

used herein, the term, "patient" refers to a mamma .L, 
including a huma n . 

The term " t hioca roamates " refers tc compounds 
containing the functional group N-S0?-C. 

30 The terms "HBV", "KCV" and "HGV" refer to 

hepatitis-B virus, hepatitis-" virus and hepatitis-G 
virus, respectively. 
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According tc cr.e embodiment, :he :nvsr.:;: 
provides methods cf inhibiting IMFDH activity m a 
mammal comprising the step cf adr.i n i s t er ing to saic 
rr.ammal, a compound of icrr.uia I: 



N N' 
H H 



(I) 

wherein : 
10 A is selected from: 

(Ci -Cg ) -straight or branched alkyl , or (C 2 - 
C 6 ) -straight or branched alkenyl cr alkynyl ; and A 
optionally comprises up to 2 subst i tuents , wherein: 

the first of said subst i tuents , if present, 
15 is selected from R 1 or R 3 , and 

the second cf said subst ituents , if present, 

is R 1 ; 

B is a saturated, unsaturated or partially- 
saturated monocyclic cr bicyclic ring system optionally 
20 comprising up to 4 heteroatoms selected from N, 0, or S 

and selected from the formulae: 





-K 





or 



wherein each X is the number of hydrogen atoms 
necessary to complete proper valence; 
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and B optionally comprises up to 3 subs t i t uent s , 
wherein : 

the first of said subst i t uent s , if present, 

is selected from R 1 , R 2 , R 4 or R 5 , 
r the second of said subs t i tuent s , if present, 

is selected from R 1 or R 4 , and 

the third of said subst it uent s , if present, 

is ; and 

D is selected from C(O), CCS), or S(0) 2 , 
1C wherein: 

each R 1 is independently selected from 1,2- 
methyienedioxy , 1 , 2 -ethylenedioxy , or 'CH 2 .- n -Y; 

wherein n is 0, 1 or 2; and 

Y is selected from halogen, CN, NC2 , CF3 , OCF3 , 

lb OH, SR 6 , SfO)R 6 , S0 2 R € , NH 2 , NHR € , N(R 6 ) 2 , NR 6 R 8 , COOH, 

COOR 6 or OR 6 ; 

each R 2 is independently selected from (C1-C4)- 
straight or branched alkyl, or (C 2 -C4 ) -straight or 

branched alkenyl or alkynyl; and each R 2 optionally 
20 comprises up to 2 subst i tuents , wherein; 

the first of said subs t 1 tuent s , if present, 

is selected from R 1 , R 4 and R 5 ' and 

the second of said subst 1 tuent s , if present, 

is R 1 ; 

25 R 3 is selected from a monocyclic cr a bicyclic 

ring system consisting of 5 to 6 members per ring, 
wherein said ring system optionally comprises up to 4 
heteroatoms selected from N, 0, or S, and wherein a CH 2 

adjacent to any of said N, 0, or S heteroatoms is 

3C optionally substituted with C(O); and each R~ 

optionally comprises up to 3 subs t 1 tuent s , wherein: 
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the first of said subs t 1 t uent s , :: present, 
is selected from R- , R 2 , R 4 or R 5 , 

the second cf said subscituenrs, if present, 
is selected from R 1 or R 4 , and 
5 the third of said subs t i t uent s , if present, 

is R 1 ; 

each R H is independently selected from OR 5 , 
OC ,C • R 6 , OC{0)R 5 , OC{0)OR 6 , 0:(OiOR 5 ; OC(0)N(R 6 ) 2 , 
OP(G)(OR 6 ) 2 , SR 6 , SR 5 , S(0)R 6 , S(0)R 5 , S0 2 R 6 , S0 2 R 5 , 

10 S0 2 N(R 6 ) 2 , S0 2 NR 5 R 6 , S0 3 R 6 , CfOR^ C(3)OR=\ C(0)R 6 , 

C (O) OR 6 , NC (0) C (0) R 6 , NC (O) C (O) R 5 , NC (O) C (O) OR 6 , 
NC iC) C (O) N (R 6 ) 2 , C ( O ) N ( R 6 ) 2 , C £0) N (OR 6 ) R 6 , 
C (0) N (OR 6 ) R 5 , C(N0R 6 )R 6 , C(NOR 6 )R 5 , N{R 6 ) 2 , NR 6 C(0)R 1 / 
NR 6 C(OiR 6 , NR 6 C(0)R 5 , NR 6 C(O}0R 6 , NR 6 C(0)OR 5 , 

15 NR 6 C (ON ( R 6 ) 2 , NR 6 C (O ) NR 5 R 6 , NR 6 S0 2 R 6 , NR 6 S0 2 R 5 , 

NR 6 S0 2 N ( R 6 ) 2 * NR 6 S0 2 NR5r 6 , N{OR 6 )R 6 , N(OR 6 )R 5 , 

P{C) (OR 6 )N(R 6 ) 2 , and P(O) (OR 6 ) 2 ; 

each R^ is a monocyclic cr a bicyciic ring system 
consisting of 5 to 6 members per ring, wherein said 
20 ring system optionally comprises up to 4 heteroatoms 

selected from N, O, or S, and wherein a CH 2 adjacent to 

said N, 0 or S maybe substituted with C(0) ,* and each R 5 
optionally comprises up to 3 subst i tuents , each of 
which, if present, is R 1 ; 
2- eacn R 6 is independently selected from H, (Ci-C^- 

straight or branched alkyl , or <C 2 -C 4 ; straight or 
branched alkenyl; and 

each R 6 optionally comprises a subst ituent that is R 1 ; 
R 7 is a monocyclic or a bicyciic ring system 
3C consisting cf 5 to 6 members per ring, wherein said 
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IC 



ring system optionally comprises up to 4 heteroatoms 
selected from N, C, or S, and wherein a CH 2 adjacent tc 

said N, O or S maybe substituted with C(O) ; and each R 7 
optionally comprises up to 2 substituents independently 
chosen from H , ( C 1 - C 4 )- straight or branched alkyl, (C 2 - 

C 4 } straight or branched alkenyl, 1 , 2 -methylenedioxy , 

1 , 2 -ethylenedioxy , or (CH 2 ) n -Z; 

wherein n is 0, 1 or 2; and 

Z is selected from halogen, CN , NG 2 , CF3 , OCF 3 , 
OH, S (C I -C 4 ) -alkyl , SO (C 2 -C 4 } -alkyl , S0 2 (C 1 -C 4 ) -alkyl , 
NH 2 - NH (C 1 -C 4 ) -alkyl , N { (C x -C 4 } -alkyl ) 2 , N ( ( C 1 -C 4 ) - 

alkyDR 8 , COOH, C ( 0 ) O ( C x - C 4 ) - alky 1 or 0 (C 2 - C 4 ) -alkyl ; 
and 

R 8 is an amino protecting group; and 

wherein any carbon atom in any A, R 2 or R 6 is 

optionally replaced by 0, S, SO , S0 2 , NH , cr N\C 1 -C 4 )- 

alkyl . 

The term "substituted" refers to the 
replacement of one cr more hydrogen radicals in a given 
structure with a radical selected from a specifiec 
group. When more than one hydrogen radical may be 
rep-laced with a substituent selected from the same 
specified group, the substituents may be either the 
same or different at every position. 

The term "monocyclic or bi cyclic ring system 
consisting of 5 to 6 members per ring" refers to 5 cr 6 
member monocyclic rings and 8, 9 and 1 0 nembered 
bicyclic ring structures, wherein each bond m each 
ring may be possess any degree of saturation that is 
chemically feasible. When such structures contain 
substituents, those substituents may be at any post tier, 
or the ring system., u rues s otherwise sp e t i i 1 ed . 



BNSDOCID fWO __9740028A1 I 



WO 97/40028 



PCT/US97/06623 



As specified, sucr. ring systems may 
optionally conprise up :c 4 neteroatcr.s selectee frorr. 
N, O or 5. Those heteroatcms may replace any caroon 
atoms in these ring systems as long as the resulting 
5 compound is chemically stable. 

The term "wherein each X is the number of 
hydrogen atoms necessary tc complete proper valence" 
means that X is 0, 1 or 2 hydrogen atoms, depending 
upon the identity of the ring atom to which X is bound 
10 (C, X, O or S) , the identity of the two adjacent ring 

atoms, and the nature of the bonds between the nr.o 
atom to which X is bound and the two adjacent ring 
atoms (single, double or triple bonj] . In essence, 
this definition is meant tc exclude from X any 
15 substituents otner than hydrogen. 

The term "ammo protecting group" refers to a 
suitable chemical group which may oe attached to a 
nitrogen atom. The term "protected" refers to when the 
designated functional group is attached to a suitable 
2C chemical group (protecting group) . Examples of 

suitable amine protecting groups and protecting croups 
are described in T.W. Greene and P.G.K. Wuts, 
Protective Groups in Organic Synthesis, 2d. Ed. , John 
Wiley and Sons (1991); L . Fieser and K. Fieser, Fieser 

2 5 and Fieser' s Reagents for Organic Synthesis , John Wi lev- 

arid Sons (1994); L. Paquette, ed . Encyclopedia o f 
Reagents for Organic Synthesis , John Wiley and Sons 
(1995> and are exemplified m certain of the specific 
compounds used m th > invent ion . 

3 0 According to another embodiment, the 

invention provides methods of inhibiting I MP OH m 
mammals by administering a compound of the formula 
(II;: 
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2 0 



- lb - 

N N 

H H 

(ID 

whereir. B and D are as defined acove. 



More preferably, in methods employing me 
compounds of formulae (I) cr (Hi, component 3 
comprises from 0 to 2 sucst i tuents . According to an 
Alternate embodiment, the invention provides methods 
-or inhibiting XMPDH m a mammal employing compounds 
;i) or (II) / wherein E comprises at least a single 
substituent selected from the group defined by R~ . 
Preferably, ir. this embodiment, E is a .monocyclic 
aromatic ring containing at least one substituent which 
is also a monocyclic aromatic ring. 

The present invention also provides compounds 
which are useful in inhibiting IMPDK . According 
embodiment, tne IMPDH inhibitory compound ha 
formula (III) : 



one 
the 




wherein A, B and D are as defined above; 
E is oxygen cr sulfur; and 

G and G' are independently selected from R 1 or 
hydrogen . 

According to an alternate embodiment, tne 
invention provides a compound of the formula :iv;: 
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wherein B, C, E , G anc G ' are defined as above and 3' 
is a saturated, unsaturated or partially saturated 
monocyclic or bicyclic ring system optionally 
comprising up to 4 heteroatcms selected from N, C, or 
and selected from the formulae: 



-h 




-K 



x 



-k 



X / or y w 

wherein each X is the number of hydrogen atoms 
necessary to complete proper valence; 
and 3' optionally comprises up to :• substituents, 
wherein : 

the first of said subs t if jents , if present, 
is selected from P 1 , P 2 , p. 4 cr R-\ 

the second of said subst i tuents , if present, 
is selected from R 1 or P c - , and 

the third of said subs tit uer.ts , if present, 
is R 1 ; wherein X, R 1 , R 2 , R^ and R- are defined as 
above . 

Excluded from this invention are compounds c 
formula !IV wherein B and 3' are simultaneously 
unsubst ituteo phenyl and compounds wherein B is 
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2C 



JnSUtS:i:u:ei - DheR y- 3' xs tri-chloro-, : r! -bro,,c 

cr tr:-:.cdo phenyl. 

Preferably, i n compounds of formula .'IV. r, 
and 3' are phenyl groups comprising at leas, ore 

SJb£tl "- Uen '- eaCn ' Th6Se ""'Pounds are represented b , 

rcrrcula (V; : 




(V) 

1C wherein K i s selected from pi ^- ar , ^ , 

/ ana u is selected 

froir. P : , r2 or R 4_ 

Preferred compounds of fornula (V, are these 
w.,ere,n 0 is - C(0 ,_, tnose £ ^ ^ 

herein J is Nr6c(0)rS or nr 6 c(0)r6 , Dreferably 
-5 N, bC (0» R6 , more preferably n(CH3)c(0)r6j ^ _ . 

preferably N , CH 3 ) C (O) CK 3 ; those wherein K is (C H 2 , n -Y, 

preferably OC'^^ 'i o ^ 

" J ,X ' e -' n 13 V is OR*, and R6 1S 

CH31; and :hose wherein r: ^ ^ u,,j 

e ^ n ^ - s hydrogen. Kore preferred 

compounds of formula '\n fh.c 

v - a^e tnose wnerein: 

E is oxygen 

J is NR6 Cf0 )R5 or Nr6 C (0)r6 ; 
K is (CK 2 ) n - Y; and 

G is hydrogen. 
Even more preferred comcounds ^ 
wherein: * ^ ^ ' ' are th ° 5e 

D is -C (0) 
£ is oxygen; 
J is NR 6 c ( 0 ) R £ ; 
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K is CCH - ; and 

G is hydrogen . 
Most preferably in sucr. compounds, J is N ( CH 3 ! C ( C ) R 6 . 

Alternate preferred ccr.pcunds are those of 
formula V: wherein J is R 2 , these wherein D is -C'D)-, 

those wherein E is oxygen, those wherein J is R~ 

4 , 4 
substituted with R preferably wherein R is 

NR 6 ::0)OR- or NR 6 C(C;OR 6 , lore preferably wherein r" is 
N'R C C (O; OR-, more preferably wherein R 4 is NHG ■: 0 ; OR- , 
and more preferably wherein R is NHC(0!0-3- 
tetrahydrcf uranyl , those wherein K is i;CH?; n -Y, 
preferably wherein X is OCK3, those wherein G is 
nydrcgen, and those wherein: 

D is -C (0) - ; 

E is oxygen ; 

K is OCH3; and 

G is hydrogen . 

Alternatively, other preferred compounds 
include those of formula VI: 
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those compounds of formula VI wherein K is OCH3, unci 
tnose compounds of formula VI wherein G is hydrogen. 

An alternate embodiment of this invention is 
compounds of formula V wherein K is selected from P- or 
5 p.4; a nd J is selected from PV , R 2 , R ^ , and R wherein, 

/ 9 
r! , R- , and ? q , are as defined above and R is 

independently selected from (Cj -C4 ) -straight or 
branched alkyl , or { C 2 - C 4 ) - s t raighc or branched alkenyl 

or alkynyi; and each R 5 optionally comprises up to 2 
1C substituents selected from NR°C(0)0P 1C \ wherein Ft is 

as defined above and R 1 is selected from (C1-C5)- 
straight or branched alkyl optionally comprising up to 
two substituents selected from NR 6 R B , SR 6 , S0 2 R 6 , 

- (CH 2 ; n -SR 6 , -(CH 2 ) n -OR 6 / and OR 6 , wherein n, R 6 and 
15 R 8 , are as defined above. 

In another embodiment, preferred compounds 
are those of formula VII: 



K 




wherein K is selected from R 1 and R 4 ; and 

A, D, R 1 and are each independently as defined in 
claim 1 . 
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More preferred compounds of fcrnula VI : are 
those wherein D is - C ( G » - , those wherein A is a 
monocyclic aromatic ring substituted with 1-1 
substituents selected from the group consisting cf 
3 NR 6 CV0>R 6 , ,\ T R 6 C(G)R 5 , CH 2 NR 6 C ■ O ) OR 6 , and :H 2 NR 6 C ■: C; OR 5 

those wherein A is a monocyclic aromatic ring 
substituted with 1-2 substituents selected from the 
group consisting of CH 2 NR 6 C : 0 ; OR 6 and CH 2 N T R 6 C ( O ) OR 5 ' 
those A is a monocyclic aromatic ring substituted with 
10 CH 2 NR C 2 { 0) OR 5 ' those wherein A is a monocyclic aromati 

ring substituted with CH 2 NHC i 0 ) OR^ ' those wherein A is 
a monocyclic aromatic ring substituted with CH 2 NHC(C;0 
3- tetrahydrcf uryl , those wherein K is (CK : :w n -Y, those 
wherein K is OCK3, and those wherein: 

IS A is a monocyclic aromatic ring substituted 

with CH 2 NHC ( O ) Q- 3- tet ranydrc fury 1 ; and 
K 1 s OCH3 . 

Alternatively/ ether preferred compouncs of 
20 this invention include these compounds of formula VIII 




wherein 0 and K are as defined m claim I. 

Another embodiment is those compounds of 
formula IX: 
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selected from C(C), C(S: and s;0) 2 '' 
selected from R 1 and ; and 
selected from R 1 , R 2 , and R A . 

More ^referred ccr.pour.ds of formula IX include 
those wherein D is -c;0)-, those wherein J is NR b C f 
cr NF. 6 C(C}R 6 ' those wherein J is NR 6 C(0}R 6 ' those 
wherein J is N { CH 3 ) C ( 0 ) R 6 ' those wherein J is 

N { CH -A ; C ( 0 1 CH3 f those wherein K is (CK2)-" V ' those 
wherein K is OCH3, and those wherein: 
K is OCK3; and 

J is N (CH3) C (0) CH3 - 



wherein : 

j is 

K 1 S 

.T - <= 



Tables IA, IB and IIB list preferrec 
individual compounds of the invention and preferred 
compounds employed in the compositions and methods oi 
this invention. Table IIA lists preferred compounds 
employed in the methods of this invention. 
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1 0 



# 


1 G 


K 


B* 




H 


H 


3-methoxypheny I 


3 


H 


K 


3-thienvl 


4 


H 


K 


3, 4 -di f luorophenyl 


L 


H 


H 


2, 5- dime t hoxyphenyi 


(5 


1 u 


H 


3 -methyl :r.iophenyi 




H 




3-b romophenyl 


6 


H 


H 


3-cyanophenyl 


9 


u 


H 


3 - t r i f I uoromethyl - 4 - 
chloropheny 1 


10 


H 


K 


2 -me thy 1 - 3-ch icrooheny 1 


1 1 


H 


H 


2 -methoxy- S-methy Iphen v 1 






H 


2-net hoxyphenyi 


13 


H 


H 


3-methoxyphenyl 


14 


H 


H 


2, S-dimezhoxyohenvl 


1 5 




K 


3 - n i t r c phe n y 1 


1 6 


H 


H 


4-nitrophenyi 


17 


1_ .-- 


H 


3 -me thy 1 phenyl 


1 8 


r. 

i — i 


u 


3 - tn f lucr orr.ethyl ohenv. 


19 


H 


H 

i . . _j 


2 - tri f iuorometr.ylDhenv, , 




H 


- ! 3-flucroDher.vl 




H 




4-phencxypner.yi 


2 2 


H 


H ! 


3-ch.croDheny] i 
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1 # 


G 


! K 


B* t 


3 3 : H 


H 


3-chloro-4- flucro phenyl 




H 


H 


3 - am i no ph e n y 1 


-i c s 


H 


H 


3- ■; hydroxyme thy 1 ) phenyl 




H 


H 


3 -acetyl enylpneny- 






H 


3 -hydrox ypheny 1 




K 


H 


3-pyr idmyl 


3 3 


H 


H 


4 -pyr idinyl 


j 3 • 


K 




2- ( 5-methyl ) thiazolyl 


3 3 


H 


K 


3, 4 - e z hy lenedi oxypheny 1 




H 


H 


3 -me thy 1 - 4 - ni t rcpher. y 1 


4 : 


H 


H 


3- t r 1 f lucrome thy 1 - 4 - 
ni tropher.yl 


•1 3 


H 


3 -chl ore 


phenyl 




H 


3-chloro 


3-methyiDhenyi 1 




_ 


- 


- _ 


4 3 


K 


3-f iuoro 


phenyl 


4 n 


H 


3- f iuoro 


3-methylphenyl 


*i ■ 


H 


H 


3 -car borne thox yme thyl phenyl 


4 H 


H 


H 


3-carbcxyethylphenyl 


i 4 c* 


H 


H 


3 -dime thyl ami nopheny 1 


3' "j 
— — — i 


H 


H 


3- [2- (2- 
me thy i ) dioxolanyl ] phenyl 






H 


3-anmocarbonylpheny 1 


3 3 


K 


H 


3 - ( 3- f uranyl ) -phenyl 


b4 


H 


H 


3 - carboxymethy Ipheny 1 


b -> 


H 


3 -methoxy 


3-methylphenyl 


b 6 


K 


3-methoxy 


3-ni troohenvl 


c i 


K 


3-chlorc 


3-carbome thox yme thy 1 phenyl 




H 


u 


3 -amine- 5 -me thy Ipheny 1 




H 


3-methox v 


3 -ami nopheny I 




H 


3 -bromo 


3 - me thylphenyl 


' 


H 


3-chlor: 


3-chloro- 4- ( 5- 
0 x a z 0 1 y 1 ) ph en y 1 


o2 


K 


3-chlcro 


4 - ; 2-methylpyr idyl ; 


0 3 


H 


3-chloro 


3- carboxymethy Ipheny 1 


6 4 


H 


3-bromo 


3 - m t ropheny 1 


63 


K 


3-bromo 


3-ammoDnen vl 


5 6 


H 


H 


3- [b- (2- 
me t h y 1 p y r 1 mi d 1 n y 1 ; ] phenyl 


6~ 


H 


H 


3 - i 3 - 0 x a 2 0 1 y 1 } p he n v 1 


6b 


H 


3 -cr.;oro 


2-thienyl 


6^ 


H 


3 - c h i 0 r 0 


3-thienvl 




H 


5-chioro 


3 - me t h 0 x y c a r bamc y 1 - p h e n y - 






3-chlor c 


3 - ace t amidopheny 2 


1 J 


H 


3- ch lore 


3- lodopheny I 


74 


H 


3-methyl 


ohenvl 
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# 


G 


K 


B 




H 


3 -me thy 1 


- - m e t h y 1 p n e n y ^ 


- 


| methyl 


3-chlorc 


j - rr. e t h y 1 p h e n y 1 


t- — "Z- 


1 methyl 


H 


3-r,etr.vlchen v 1 


-, - 




3-chlorc 


3-nitroohenvl 


7 G 


K 3-cr.lorc 


3 - aminophenyi 


0 L 


H 


H 


3 — 

(cyclohexy*sui f amo y 1 ) p h er.y. 


i ft "■ 


H 


H 


3- fmechyisuf amoyl ) phenyl 




H 

i 


H 


3 - (pner.ylsuf anoyl ) phenyl 


6 3 


H 


3-methoxy 


3-benz y loxy carbamoyl -phenvi 


64 




3-methoxy 


3 -acetarr.idophenyl 




K 


3-chlorc 


4- (2-methyl) furanvl 




K 


3-chloro 


5 - { 2 - me t h y 1 ; thienvl 


G C 

o o 


H 


3 - c a r home t h o x y 


j-me:ny 1 pr.en y ~ 


Q O 

o 


H 


3-carbomethoxy 


3 - r. 1 1 r o p h e n y 1 


1 91 


H 


3-chlorc 


4- ;2-r.::ro) thienyl 






3-chlorc 


4 - ( 2-hydroxyarrLino ) thienyl 


9 J 


w 


3-chlorc 


3- (N- 

methyl ) tr:f luoroacetaxidc- 
phenyl 


r 4 


H 


3-chloro 


3- \ methyl ammo ) phenyl 


G 


H 


3-chloro 


4- ; 2 -amino) thienyl 


9 6 


H 


3-methoxy 


3 - 1 r i f 1 uo roace t ami cdcohenvl 


9 / 


H 


3 -me t hoxy 


3- (N- 

methyl^ t ri f luoroacetair.ido- 
pheny 1 


O Q 

r c 


H 


3-metnoxy 


3- : 3 ' - 

pi co 1 yloxycarbamoy 1 ) phenyl 


y 9 




3-methoxv 


3- { phenoxycarbamoy 1 ) phenyl | 


* U 0 


H 


3-methoxv 


3-difluc roace t ami ao phenvi 


I 'J ^ 

1 


H 


3- 

acetoxvmethvl 


3 - me t h y 1 p h e n y 1 




H 


3- 

hydroxymethyx 


3-methylphenyl 


| 1 'J h 




H 


3 - n 1 1 r o - 4 - f 1 u o r o one n v 1 


i n c 

1 U 


H 


3-methoxy 


3 - { ami r.ome t hy 1 ) phenyl 

r > t m l 
I * 1 r Al 


i 0 n 

X 


H 


3-methoxy 


^ - f N - a c e t o x y ) mdclinyl 


: D7 




3 -me thcx v 


3— f ^sj — tip t ^ v ^ A e~ p> t~ ^ r" " ^n^hpn" 1 




H 


3 - r.e:hoxy 


3- ; (2-oxo-2 - (3, 4, 5- t ri- 
me thcx y p h enyl ; acetyl ; 
ammo phenyl 


I :o? 


H 


J - amir.o 


3 - me t h y 1 ph e n y 1 


110 ' 


H 


3-methoxv 


3 - b e r. z am i do p h e n y 1 


n; 


H 


3-methoxy 


3 - phenyl ace t ami do phenyl 


i 112 


H ; J-methoxy 


3 - p n e n y 1 u r e i do p h e n y 1 


1 1 3 


H 


3-rr.ethoxy 


3 - t - c u t o x v car b amo v 1 
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# 


G 


K 


B' 








ne thy I ) phenyl 


114 


H 


3-me thoxy 


3- ; c yc 1 open t y 1 ace t a™.: do > 
nhenvl 


115 


H 


3 -net ho xy 


3 -me t: h y 1 p he n y I 



Table IC 



H H 




Compound 




116 


(0) O-^-butv" 


117 


N^H^C (0) 0-t-butvl 


iid 


N H ^ ( j ) o netnyi 


110 
1 1 r 


MTf/^ / '". \ . "n Q i r "1 

N^. - \ v pnenyi 


1 2 0 


M'-'f ' fi\ fi- - ' c -| a'nu-jrpf ■■ ran v 1 




NHC CO) C- 2 - pi col my 1 


122 


NHC ; C 0- •;£ • - 5 -ox a zo 2 ldi nonylme thy 1 




NHC i 0 j 0- 4 - car borne thoxyphenyl 


X 2 4 


NHC i j 3- i sobut y 1 


1 2 2 


NHC ( 3 ) 3-a 1 1 y 1 


1 2 o 


KH 3 { 0 ; 0 - 3 - { 1 , 3 - d i o x a n y 1 




NHC (0; 2- 4 - ace tamiaophenyl 


1 2 ^ 


NH 3 ( 3 ) 3 - 2 - f u r f u r v 1 


12^ 


: j HC ( 2 1 ) 2- ."-thiofurfuryl 


1 3 1'. 


NHC (30 I-l-rrethoxyethyl 


1 3 : 


NHC (CO 3 - 4 - :e:.:anydropyranyl 


13: 


NHC (20 eye 1 oh ex yl 


1 3 3 


KH2 : 3: C-oy :loper. tyl 


134 


NHC : I 1 ! 3- 2 -r. yd r ox ye thyl 


1 3 1 


NHC ; 2 i 0 - c y z 1 c n e x y I me t h y 1 


j 1 3r, 


NHC ( 0 } 3- ( F., 3 i - 3 - let rahydro furanyl 


1 3 ~ 


NHC iO) 2-- 3-pyr idyl 


13* 


NHC ( 0 ■ C - ben z vi 


i i 3 Q 


NHC -0)0-3- ( 1 3C C - a m i n c ; propyl 


1 140 


NHC ; 3 ) 0-4-hydroxybut yl > 


14 1 


NHC ;0) 0- E -hyoroxycentyl | 


142 


NHC (2 ) 0- ■ R, 5 ■ -2-pyranyl : 


143 


NHC <0) 0-3- (N-tBCC) -p:per:diny. 


1 C £ 
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Comccunc 




| dimethyl : fur any 1 


145 


NHC \ 0 ) 0- 3 - me t h y 1 t h i op r op y 1 


146 


NHC (0)3-4-^(2, 2 -dimethyl I -1,3- 
dioxanyl ] me t h y 1 




NHC ( 0 ) 0- 2 - i i - ( h y dr ox yne t h y 1 ; e t h y 1 


143 


NHC { 0/0-4- :t;-tB0C) -p:peridiny>.ethvl 


149 


NHC (0) 0-3- (N'-tBOO -p i pe r idiny lmeth vl 


1 150 


NHC (0)0- ( dibenzy loxymethy 1 ) methyl 


151 


NHC ( 0) O-g: - ( hydroxyme thy 2 ; diethyl 


152 


NHC (0) 0-2- (N-t30C ) -pipe r idinylrr.e thy 1 


155 


NHC (0) 0-3 -piper ldmyl-TFA 


154 


NHC (0) O- ( R , s ;■ - ;2- 
tetranydropyranyl ) methyl 


15 5 


NHC (O) C-4-piperidinvlmethyl-TFA 


1 5r 


NHC ( 0) 0- ( F., S ) - tetrahyarc f u ran y lmeth yl 


lr" 


NHC (0) 0- 3 -me thy 1 sui f onylpropyl j 


158 


NHC (0) 0- 3 -piper idiny lme thy 1 - TFA j 


159 


NHC (0) C-2-piperidinylmethyl-TFA 


160 


NHC (0) 0- ( R, 5 ) -3-tetrahydrothiophenyl 


161 


NHC (0 ) O- (R, S ) -3-tetrahydrcthicpyranyi 


162 


NHC (0) C-3-methoxypropyl 



Table IIA 



Q 1 H H 




# 


Q 1 


Q 2 


B 


25 I 


3-methoxy 


4-methcxy 


3-methylphenyl 


32 


3-ni tro 


H 


3-methylphenyi 


3 3 


4-cyano 


H 


3-methylphenyl 


34 


3 -me thcxy 


4 -me thoxy 


3-bromophenyl 


3 5 


3-r.ethoxy 


4 -me thcxy 


2-methoxy- 5- 
chlcr opheny 1 


3 6 


3 -me thcxy 


4 -me thoxy 


3- f 1 ucr opheny 1 


3-7 


3-rr.ethoxy 


4 -me t hox v 


3-ethyipheny 1 


3 6 ; 3 -me thoxy 


4 -methoxy 


3-methyl thicpheny ) 




3-chioro 


4 -me thoxy 


3-ni t rophenyl 


' -J 


4-cyano 


3-th lore 


3-methylphenyl 


c ' 


1 - 1x1 da 20 1 yl 


H j 3-methylphenyl 
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9C 


3-hydroxymethyl 


4 --etnoxy 


3 -methyl phenyl 


13 3 \3 - ; t-butcxycarbamcyl 
methyl ) 


H | j- .,:-cu:cxycarbamcyI 
[ methyl ) pheny 1 



Table I IB 



H H 




# 


Qi 


Q3 


163 




N (Me ) (Ac ) 


i6<; 


OMe 


N (Me) I Ac) 


ItS 


SMe 


CKoNHC (0) 0- ;3s; - 
tetrahydrofuranyl 


166 


S ; 0) 2 Me 


(Me) ;Ao 


1 c *? 


OMe 


N (Me ) (Ac 1 


168 


SMe 


CH 2 NHC (0) 0- (3s; - 
tetrahydrcfuranyl 



The compounds of Table IIA correspond tc 
compounds of formula (II) wherein one cf said B 

components is phenyl with two subs t i tuent s , Q- ana . 
In accordance with formula (II) : 

v- is selected from rA , R-, R H or R 5 ; and 

l' 2 is selected from R- or . 

The compounds of this invention may contain 
one or mere asymmetric carbon a terns and thus may cccur 
as racemates and racemic mixtures, single enantiomers, 
diastereomer ic mixtures and individual dias tereomer s . 
All such isomeric forms of these compounds are 
expressly included m the present invention. Each 
stereocrenic carbon may be cf the R or S configuration. 

Combinations of subs ti tuent s and variables 
envisioned by this invention are ony those that result 
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:r. the formation of s:aoie compounds. The term 
".stable", as used herein, refers to compounds which 
possess stability sufficient to allow manufacture and 
which maintains the integrity of tne compound for a 
sufficient period of time to be useful for the purposes 
detailed herein (e.g., therapeutic or prophylactic 
administration to a mammal or for use m affinity 
chromatography applications}. Typically, such 
compounds are stable at a temperature of 4C °C or less, 
ir: the absence of moisture or other chemically reactive 
conditions, for at least a week. 

As used herein, the compounds of this 
invention, including tne compounds of formulae I-IX, 
are defined to include pharmaceutical 1 y acceptable 
IS derivatives or prodrugs thereof. A "pharmaceuticaily 

acceptable derivative or prodrug" means any 
pharmaceutical^ acceptable salt, ester, salt of an 
ester, or other derivative of a compound of this 
invention which, upon administration to a recipient, is 
20 capable of providing (directly or indirectly! a 

compound of this invention. Particularly favored 
derivatives and prodrugs are those that increase the 
oi oavai 1 abi 1 i ty of the compounds of this invention when 
such compounds are administered to a mammal (e.g., by 
25 allowing an orally administered compound t: be more 

readily absorbed into the blood: or which enhance 
delivery of the parent compound to a biological 
compartment (e.g., the brain or lymphatic system) 
relative to the parent species. Preferred prodrugs 
3 0 include derivatives where a group which enhances 

aqueous solubility or active transport through the out 
membrane is appended to the structure o: formulae I-IX. 
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Priarmaceut 1 cal 1 y acceptable salts of the 
compounds of this invention include those derived from 
pharmaceutic ail y acceptable inorganic ana organic acios 
and bases. Examples of suitable acio salts include 
acetate, adipate, alginate, aspartate, benzoate, 
benzenesul f onate , bisulfate, butyrate, citrate, 
camphcrate, camphorsulfonate, eye 1 opent anepropiona t e , 
di gluconate, dodecyisul f ate , e tnanesul f onate , formate, 
fumarate, gl ucohept anoat e , glycerophosphate, glycoiate, 
herr.isul f ate, heptanoate, hexanoate, hydrochloride, 
hydrobromde, hydroiodiae, 2 - hydrox ye tnanesul f onate, 
lactate, ma.eate, malonate, met har.esul f onate , 2- 
naphtnalenesui f onate, nicotmate, nitrate, oxalate, 
pa.lr-.oate, pectinate, persulfate, ^ -pheny lpropionat e , 
phosphate, picrate, pivaiate, propionate, salicylate, 
succinate, sulfate, tartrate, thiccyanate, tosylate and 
u.odecanoace . Other acids, such as oxalic, whi_e not m 
themselves pha rmaceut i ca 1 1 y acceptable, may be employed 
in the preparation of salts useful, as intermediates in 
obtaining the compounds of the invention and their 
pharmaceutical 1 y acceptable acid addition salts. 

Salts derived from appropriate oases include 
alkali metal (e.g., sodium], alkaline earth metal 
■e.g., magnesium), ammonium and N-iC^.^ alkyi) 4 + salts. 
This invention also envisions the qua t erni zat i on of any 
oasic nitrogen-containing groups of the compounds 
disclosed herein. Water cr oil-soluble or dispersible 
products may be obtained oy such qoaternt zat ion . 

The compounds of this invention may be 
synthesized using conventional techniques. 
Advantageously, these compounds are convenient iv 
synthesized from readily available starting materials. 
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In general, compounds c: formula (I -.IX are 
conver.ier.tly obtained via methods illustrated ir. 
General Synthetic Schemes 1-3. 

In General Synthetic S:neme 1 '.see below; , an 
X-subs t i tuted aniline is reacted with a Y-subs t i tuted 
phenyl i socyanate under standard conditions to give the 
desired urea. In this process, X and Y may be one or 
mere independent substituents lor their suitably- 
protected variants; as exemplified by the ring 
substituents listed for compounds of formulae I-IX 
above, at any position on the aromatic ring. 
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General Synthetic Scheme 1 : 



J 




NCO 



CHCI ? /DMF 
Ambient temp 
12 hours 




General Synthettc Scheme 2 



MeO. 




NO; 1 ) Tosylmethyl isocyanide 
K2CO3. MeOH. reflux 

2) H2. P*C, EtOAc 



MeO v 




NH 3 



3) m-tolyl isocyanate 
dichioroethane 

ambient temp 
overnight 




General Synthetic Scheme 3 




1 ) Tosylmethyl isocyanide 
K2C03 MeOH, reflux 

2) H2. Pd/C. EtOAc 




NH-j 




3) (PhO)2PfO)N3 
tnethyiamine. 



toluene, reflux 
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In General Synthetic Scheme 2 see above; , a 
substituted benzalaehyde 'here, 2 -^ethoxy- A -n: t :o- 
substituted, is treated sequentially with 
tosylmethyl isccyanice, to give the resulting oxazole, 
5 then reduced by catalytic hydro gen a ti cn to give the 

desired aniline. Reaction of this aniline with an 
isocyanate (here, m- to 1 y 1 i sccyana t e = under standard 
conditions gives the desired urea. 

An alternate synthetic route is illustrated 

1C m General Synthetic Scheme 3 (see above) . A 

substituted benzaldehyde [nere 4-nitro substituted) is 
converted tc the corresponding oxazol/l aniline as 
shown m General Synthetic Scheme 2. This aniline is 
treated with a substituted benzoic acid (here, 3- 

15 methyl-substituted) and a carbcxyii:; acid activating 

agent, such as diphenyiphosphor yl azide, under standard 
reaction conditions, to give the aesired urea. 

As can be appreciated by the skilled artisan, 
the anove synthetic schemes are not intended to 

2 0 comprise a comprehensive list of all means by which the 

compounds described and claimed in this application may 
oe synthesized. Further methods will be evident to 
tnose of ordinary skill m the art. Additionally, the 
various synthetic steps described above may be 

25 performed in an alternate sequence or order to give the 

desired compounds. 

The compounds of this invention may be 
modified by appending appropriate functionalities tc 
ennance selective ticlcgica- pre per ties. Such 

30 modifications are known m the art ana include those 

which increase biological penetration into a given 
biological compartment ;e,g., biooc, lymphatic system., 
central nervous system;, increase oral availability, 
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increase solubility to allow admir.istratior. by 
;njectnr. ; alter metabolism, and alter rate of 
excre t i on . 

The novel compounds of the present invention 
1 are excellent ligands for IMPDH. Accordingly, these 

compounds are capable of targeting and inhibiting IMPDH 
enzyme. Inhibition can be measured by various methods, 
including, for exarr.ple, IMP dehydrogenase HPLC assays 
■measuring enzymatic production of XM? and IJADH from 

10 IM? and NAD) and IMP dehydrogenase spectrophotometry 

assays (.measuring enzymatic production of NADH from 
MA D ; . [See C. Montero et a I . , Cimica Chimica Acta , 
13c , pp . 169-178 ( 1995) ] . 

Pharmaceutical compositions of this invention 

15 comprise a compound cf formulae (I), ; 1 1 ) or (VII; or a 

pharmaceutical! y acceptable salt thereof; an additional 
agent selected from an immunosuppressant, an anti- 
cancer agent, an ant: -viral a^ent, antiinflammatory 
agent, antifungal agent, antibiotic, or an anti- 

20 vascular hype rpro 1 i f era t ion compound; and any 

pharmaceutical 1 y acceptable carrier, adjuvant or 
vehicle. Alternate compositions cf this invention 
comprise a compound of formulae (Ills -fix: or a 
pharmaceutical ly acceptable salt thereof; and a 

25 pharmaceutical 1 y acceptable carrier, adjuvant or 

vehicle. Such composition may optionally comprise an 
additional agent selected from an immunosuppressant, an 
anti-cancer agent, an anti-viral agent, 

antiinflammatory agent, antifungal agent, antibiotic, 
31 or an anti-vascular r.yperprc - : . f erat ion compound. 

The term "pharmaceuti tally acceptable carrier 
or adjuvant" refers to a carrier or adjuvant tnat may 
cc administered to a patient, together with a compound 
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ci this invent ion, ana which does net destroy tne 
pharmacological activity thereof and is nontoxic when 
a dm mistered m doses sufficient to deliver a 
therapeutic amount of the compound . 
5 Pharmaceutically acceptable carriers, 

adjuvants and vehicles that may be used m the 
pharmaceutical compositions of this invention mcluae, 
but are not limited to, ten exchangers, alumina, 
aluminum stearate, lecithin, se 1 f -emul s i f y ing drug 

10 delivery systems ( SEDDS ; such as da- tocopherol 

polyethyleneglycol 1000 succinate, surfactants used m 
pharmaceutical dosage forms such as Tweens or other 
similar polymeric delivery matrices, serum proteins, 
such as human serum albumin, buffer substances such as 

15 phosphates, glycine, sorbic acid, potassium sorbate, 

partial glyceride mixtures cf saturated vegetable fatty 
acids, water, salts or electrolytes, such as protamine 
sulfate, disoaium hydrogen phosphate, potassium 
hydrogen phosphate, sodium chloride, zinc salts, 

20 colloidal silica, magnesium trisiiicate, polyvinyl 

pyrrolidone, cellulose-based substances, polyethylene 
glycol, sodium carboxyme thylce 1 lulose , pclyacryia tes , 
waxes, polyethylene-pciyoxypropyiene-block polymers, 
polyethylene glycol and wool fat. Cyclodexc r ms such 

25 as a-, 3-, and y-cyciodexenn, or chemically modified 

derivatives such as hydroxyai kylcycioaextr ms , 
including 2- and 3-hydroxypropyl-5-cyclooextr ms , or 
other solubilized derivatives may also be 

advantageously used to enhance delivery of compounds of 
30 formulae 1-IX. 

The pharmaceutical compositions cf this 
invention may be administered orally, pa rente ra 1 1 y, by 
innalation spray, topically, rectaily, nasally, 
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buccally, vaginally or via an implanted reservoir. We 
prefer oral adr.inistraticn or adminis :rat ion by 
injection. The pharmaceutical compositions of this 
invention may contain any conventional non-toxic 
5 pharmaceuti cal 1 y-acceptabie carriers, adjuvants or 

vehicles. In some cases, the pH of" the formulation may 
be adjusted with pharmaceut i ca 1 1 y acceptable acids, 
bases or buffers to enhance the stability of the 
formulated compound or its delivery form. The term 
10 parenteral as used herein includes subcutaneous, 

intracutaneous, intravenous, intramuscular , intra- 
articular, intraarterial, in t ra s ynovi al , mtras ternal , 
intrathecal, mtraies lcnal and intracranial infection 
cr infusion techniques. 
1- The pharmaceutical compositions may be in the 

form of a sterile injectable preparation, for example, 
as a sterile injectable aqueous or oleaginous 
suspension. This suspension may be formulated 
according to techniques known in the art using suitable 
20 dispersing cr wetting agents (such as, for example, 

Tween 80) and suspending agents. The sterile 
injectable preparation may also De a sterile injectable 
solution cr suspension m a non-toxic pa renteral 1 y- 
acceptable diluent or solvent, for example, as a 
25 solution m 1 , 3-bu t anediol . Among the acceptable 

vehicles and solvents that may be employed are 
mannitcl, water, Ringer's solution and isotonic sodium 
chlcride solution. In addition, sterile, fixed oils 
are conventionally employed as a solvent or suspendmo 
30 medium. For this purpose, any bland fixed oil may be 

employed including synthetic mono- or dig 1 y zer ides . 
Fatty acids, such as oleic acid and its qlvceride 
derivatives are useful m the preparation of 
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miectables, as are natural pha rm,s ceu t : c a 1 1 y- a c cep: ah 1 e 
c:Is, such as olive oil cr caster oil, especial 1/ m 
their pciyoxyethy iated versions. These oil solutions 
or suspensions may also contain a long-chain alcohol 
1 diluent or dispersant such as those described m 

Pharmacopeia Helvetica, Ph . Hel v . , or a similar 
alcohol/ cr carooxyme thy 1 celluose or similar 
dispersing agents which are commonly used m the 
formulation of pharmaceutical! y acceptable dosage forms 
10 such as emulsions and cr suspensions Other commonly 

used surfactants such as Tweens or Spans and/cr other 
similar emulsifying agents cr bioavailability enhancers 
which are commonly used m the manufacture of 
pharnaceuti tally acceptable solid, liquid, or other 
15 dosage forms may also be used for the purposes Df 

formulation. . 

The pharmaceutical, compositions of this 
invention may be orally administered in any orally 
acceptable dosage form including, but not limited to, 
capsules, tablets, emulsions and aqueous suspensions, 
dispersions and solutions. In the case of tablets for 
oral use, carriers which are commonly used include 
lactose and corn starch. Lubricating agents, s-ch as 
magnesium stearate, are also typically addeo. For oral 
administration in a capsule form, useful diluents 
include lactose and dried corn starch. When aqueous 
suspensions and./or emulsions are administered orally, 
the active ingredient rriay be suspended or dissolved m 
an oily phase is combined with emulsifying and/ or 
suspending agents. If desireo, certain sweeter, mc 
and/ or flavoring and/or cole ring agents may be added. 

Tne pharmaceutical compositions of this 
invention may also be administered -n the form of 



BNSDOCID <WO 9740026A1 J_> 



WO 97/40028 



PCTrtJS97/06623 



- 37 - 

suppositories for rectal administration. These 
compositions can be prepared ty mixing a compound of 
tms invention with a suitable r.cn-;rritat;ng excipier.t 
which is solid at room temperature but liquid at the 
t rectal temperature and therefore will melt in the 

rectum tc release the active components . Such 
materials include, but are not limited tc, cocoa 
butter, beeswax and polyethylene glycols. 

Topical administration of the pharmaceutical 

10 compositions of this invention is especially useful 

when the desired treatment involves areas or organs 
readily accessible by topical application. For 
appl. cation topically to the skin, the pharmaceutical 
composition should be formulated with a suitable 

15 ointment containing the active components suspended or 

dissolved in a carrier. Carriers for topical 
administration of the compounds of this invention 
include, but are not limited to, mineral oil., liquid 
petroleum, white petroleum, propylene glycol, polyoxy- 

20 ethylene poiyoxypropyl ene compound, emulsifying wax and 

water. Alternatively, the pharmaceutical, composition 
can be formulated with a suitable lotion or cream 
containing the active compound suspended or ais solved 
m a carrier with suitable emulsifying agents. 

25 Suitable carriers include, out are not limited to, 
mineral oil, sorbitan monos tearate, polysorbate 6C, 
cetyl esters wax, cetearyl alcohol, 2-octyldodecano 1 , 
oenzyl alcohol and water. The pharmaceutical 
compositions of this invention may also be topically 

3 0 applied tc the lower intestinal tract by rectal 

suppository formulation or m a suitable enema 
formulation. Topically- transdermal patches are also 
included m cms invention. 
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The pharmaceutical compositions of tnis 
invention may ce administered by nasi, aerosol or 
inhalation. Sucn compositions are prepared according 
to techniques well-known m the art of pharmaceutical 
formulation and may be prepared as solutions m saline, 
employing benzyl alcohol or other suitable 
preservatives, absorption promoters to enhance 
bioavailability, f iucro carbons , and/ or other 
s C'l ubi 1 1 zing or dispersing agents known m the art. 

Dosage levels of between about 0.01 ana about 
10C mg/kg body weight per day, preferably between about 
C.5 and about ^5 mg/kg body weight per day of the IM?DH 
inhibitory compounds described herein are useful m a 
monotherapy and/or m combination therapy for the 
prevention and treatment of IMPDH mediated disease. 
Typically, the pharmaceutical compositions of this 
invention will be administered from about 1 to about 5 
times per day or alternatively, as a continuous 
infusion. Such administration can be usee as a chronic 
or acute therapy. The amount of active ingredient that 
may be combined with the carrier materials to produce a 
single dosage form will vary depending upon the host 
treatea ana the particular mode of aomin i s t ra t 1 on . A 
typical preparation will contain from about z'i to about 
95- active compound (w/w) . Preferably, such 
preparations contain from about 20- to about 6 0 ; ;. active 
compound . 

When the compositions of this invention 
comprise a combination of an 1MPDK inhibitor of 
formulae IIi-(IX; and one cr more additional 
therapeutic or prophylactic agents, both the IMPDK 
inhibitor and the additional agent should be present at 
^oe levels of between about 1C to 10C , and more 



BNSOOCID: <WO 9740028A1 J . > 



WO 97/40028 



PCT/US97/06623 



- 3 9 - 

preferably between about 10 to 60, cf the dosage 
normally administered m a monotherapy regimen. The 
additional agents may be administered separately, as 
oart cf a multiple dose regimen, from the compounds of 
5 this invention. Alternatively, those agents may be 

part of a single dosage form, mixed together with the 
compounds of this invention in a single composition. 

According to one embodiment, the 
pharmaceutical compositions cf this invention comprise 

1 C an additional immunosuppression agent. Examples of 

additional immuno suppress ion agents include/ but are 
not limited to, cyclosporin A , FK506, rapamycin, 
leflunomide, deoxyspergualm , prednisone, azathioprine, 
mycophenolate mofetil, 0KT3 , ATAG , interferon and 

15 rr.izoribme. 

According to an alternate embodiment, the 
pharmaceutical compositions of this invention may 
additionally comprise an anti-cancer agent. Examples of 
anti-cancer agents include, but are not limited to, 

20 cis-platin, actmomycm D, doxorubicin, vincristine, 

vinblastine, etoposide, ansacrine, m tcxantrcne, 
tenipaside, taxcl, colchicine, cyclosporin A, 
phenothiazmes , interferon and thioxantneres . 

According to another alternate embodiment, 

25 the pharmaceutical compositions cf tms invention may 

additionally comprise an anti-viral agent. Examples of 
anti-viral agents include, out are not limited to, 
Cytovene, Ganciclovir, trisodium phosphcnof ormate , 
Ribavirin, d4 7, ddl, AZT, and acyclovir. 

30 According to yet another alternate 

embodiment, the pharmaceutical compositions of this 
invention may additionally comprise an an 1 1 - vascu 1 a r 
nyperprc 1 i f era t i ve agent. Examples cf anti-vascular 
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hyperprc 1 i f era t i ve agents include, but are not l:n;te- 
to, HMG Co -A reductase inhibitors such as iovas t a t ir. , 
thromboxane A2 synthetase inhibitors, e i cos apent ano i c 
acid, ciprcstene, trapidil, ACE inhibitors, low 

r molecular weight heparin, mycophenolic acid, r a parr, vein 

ano 5- ; 3 ' -pyr ldiny imethyl ) benzc f uran- 2-carbc xylate . 

Upon imprcvement of a patient's ccndidon, a 
maintenance dese of a compound, composition or 
combination of this invention may be administered, if 

0 necessary. Subsequently, the dosage or frequency of 

administration, or both, may be reduced, as a function 
of the symptoms, to a level at which the improved 
condition is retained when the symptoms have been 
alleviated to the desired level, treatment should 

S cease. Patients may, however, require intermittent 

treatment on a long-term basis upon any recurrence cf 
disease s ymp torn s . 

As the skilled artisan will appreciate, lower 
or higher coses than those recited ar>ove may be 

C required. Specific dosage and treatment regimens fcr 

any particular patient will depend upon a variety of 
factors, including the activity cf the specific 
compound employed, the age, body weight, general health 
status, sex, diet, time of administration, rate of 

3 excretion, drug combination, the severity and course of 

the infection, the patient's disposition to the 
infection and the judgment of the treating physician. 

In an alternate embodiment, this invention 
provides methods cf treating or preventing IMPDH 

0 mediated disease in a a mammal comprising the step of 

aominist rating to said mammal any of tne pharmaceutical 
compositions and combinations described above. If the 
pharmaceutical composition only comprises tne 
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inhibitor cf :h:s :nven::cn as the active component, 
such methods may additionally comprise the step of 
administering to said mammal an agent selected from an 
antiinflammatory agent, immunosuppressant , an anti- 
5 cancer agent, an anti-viral agent, or an ant i -vascular 

hyperpro 1 i f er a t ion compound. Sucn additional agent may 
be administered tc the mammal prior to, concurrently 
with, or following the administration of the IMPDK 
inhibitor composition. 

IC In a preferred embodiment, these methods are 

useful m suppressing an immune response m a mammal. 
Such methods are useful in treating or preventing 
diseases, including, transplant rejection (e.g., 
kidney, liver, heart, lung, pancreas ; islet cells), 

15 bone marrow, cornea, small bowel and skin allografts 

and heart valve xenografts}, graft versus host disease, 
and autoimmune diseases, such as rheumatoid arthritis, 
multiple sclerosis, juvenile diabetes, asthma, 
inflammatory towel disease (Crohn's disease, ulcerative 

20 colitus), lupus, diabetes, raellitus myasthenia gravis, 

psoriasis, dermatitis, eczema, seborrhoea, pulmonary 
inflammation, eye uveitis, hepatitis, Grave's disease, 
Hashimoto's thyroiditis, Behcet's or S^crgen's syndrome 
(dry eyes/mouth) , pernicious or imm.unohaemo 1 y 1 1 c 

25 anaemia, idiopathic adrena. insufficiency, 

polyglandular autoimmune syndrome, glomerulonephritis, 
scleroderma, lichen planus, viteligo (depigmentation of 
the s>m), autoimmune thyroiditis, ana alveolitis. 
These methods comprise the step of 

30 administering tc the mammal a composition comprising a 

compound of any of formulae I -IX and a pharmaceutical 1 y 
acceptable adjuvant. In a preferred embodiment, this 
particular method comprises the additional step of 



BNSDOC1D- <-WO _ 9740028A1 



WO 97/40028 



PCT/LS97/06623 



administering; to said mammal a ccr.pc s 1 1 1 1 :i comprisir.: 
an additional immunosuppressant and a pharma ceu 1 1 :a 1 1 v 
acceptable adjuvant. 

Alternatively, this method comprises the step 
5 or administering to sard mammal a composition 

comprising a compound of formulae I -IX; an additional 
immunosuppressive agent ana a pharmaceutical ly 
acceptable adjuvant. 

In an alternate preferred embodiment, these 
10 nethcds are useful for inhibiting viral replication m 

a mammal. Such methods are useful m treating or 
preventing, 3NA and RNA viral diseases caused by, for 
example, HTLV-1 and KTLV-2, HIV-1 and H1V-2, 
nasopharyngeal carcinoma virus, HBV, HCV, HGV, yellow 
fever virus, dengue fever virus, Japanese encephalitis 
virus, human papilloma virus, rhinovi ruses and Herpes 
viruses, such as Eps t e m-3ar r , cytomegaloviruses and 
Herpes Simplex, Types 1 and 2, or Type 6. [See, United 
States patent 5,380,879]. 

These methods comprise tne step- of 
administering to the mammal a composition comprising a 
compound of any of formulae I -IX, and a 

pharmaceutical- y acceptable adjuvant. In a preferrea 
embodiment, this particular method comprises the 
additional step of administering to said mammal a 
composition comprising an additional anti-viral agent 
and a pharmaceutical 1 y acceptable adyavant. 

Alternatively, this method comprises the step 
of administering to said mammal a composition 
comprising a compound of formulae I -IX; an additional 
anti-viral agent and a pharmaceut i ca 1 1 y acceptable 
adjuvant . 
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In another alternate preferred enbodim.en t , 
these r.ethods are useful for inhibiting vas:uiar 
cellular hype rpr o 1 1 f er a t icn in a mammal. Such methods 
are useful m treating cr preventing diseases/ 
5 including, restenosis, stenosis, art neurosclerosis and 

other hyperprcl i f erative vascular disease. 

Tnese methods comprise the step of 
administering to the mammal a composition comprising a 
compound of any cf formulae I -IX, and a 

10 pnarmaceutically acceptable adjuvant. In a preferred 

embodiment, this particular method comprises the 
additional step of administering to said mammal a 
comprsition comprising an additional anti-vascular 
r.yperproliferative agent and a pha rmaceut i ca 1 1 y 

lb acceptable adjuvant. 

Alternatively, this method comprises the step 
cf administering to said mammal a composition 
comprising a compound of formulae 1-IX; an additional 
anti- vascular hyperprcl i f era t i ve agent and a 

20 pharmaceutical! y acceptable adjuvant. 

In another alternate preferred embodiment, 
tnese methods are useful for inhibiting tumors and 
cancer in a mammal. Such methods are useful m 
treating or preventing diseases, including, tumors and 

2 5 malignancies, such as lymphoma, leukemia and ether 

forms of cancer. 

These methods comprise the step of 
administering to the mammal a composition corner is incr a 
compound of any of formulae I-IX, and a 

30 pnarmaceutically acceptable adjuvant. In a preferred 

embodiment, this, particular method comprises the 
additional step cf administering to said mammal a 
composition comprising an additional anti-tumor or 
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ami -cancer agent and a pharr.aceut i ca I 1 y acceptable 
adr- v ant . 

Alternatively, this method comprises the ste 
ct administering to said mammal a composition 
5 comprising a compound of formulae l-IX; an additional 

anti-tumor or anti-cancer agent and a pharma ;eut ical 1 y 
acceptable adjuvant. 

In another alternate preferred embodiment, 
these methods are useful for inhibiting inflammation 
10 and inflammatory diseases in a mammal. Such methods 

are useful in treating or preventing diseases, 
including, osteoarthritis, acute pancreatitis, chronic 
pancreatitis, asthma and adult respiratory distress 
s yndr ome . 

IS These methods comprise the step of 

aomim s tering to the mammal a compos iticn comprising a 
compound of any of formulae I -IX, and a 

pharmaceutical 1 y acceptable adjuvant. In a preferred 

embod imen t , this particular method comprises the 
20 additional step of administering to saic mammal a 

composition comprising an antiinflammatory agent and a 

pnarmaceut-cally acceptable adjuvant. 

In order that this invention be more fully 

understood, the following examples are set forth. 
25 These examples are for the purpose of illustration onl 

and are not to be construed as limiting the scope of 

tne invention m any way. 

General Materials and Methods 
30 All temperatures are recorded in degrees 

Celsius. Thin layer chromatography (TLC; was carried 
out using 0.25 mm thick E . Merck silica gel 1 0 V ? 5 ^ 
plates and eluticn with the indicated solvent system. 
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Defection of the compounds was carried cut by treating 
the p.a:e wi:h an appropriate visualizing agent, such 
as 10 1 solution cf phosphomolyb die at id in ethane 1 or a 
0 . 1 solution of nmhydrm in e thane 1, fol lowed by 
5 hearing, ana/ or by exposure ::: *JV light or iodine 

vapors when appropriate. Analytical HPLO was carried 
out using a Ramin Mycros orb-MV , bu Cyan-: reverse pnase 
column, 3.9mm x 150mm, with a flow rate of 1 . OmL /minute 
and a solvent gradient cf 5-1 00 i acetomtriie (0.1? 

10 T FA ) in water ( 0 . 1 t TFA) . HPLO retention times were 

recorded in minutes. NMP. spectral data was acquired 
using a 3ruker AMX500 in the indicated silvent. 

The IMP dehydrogenase HPLC assay fellows our 
standard conditions for the enzymatic production cf XMP 

15 and NADH from IMP and NAD, but utilizes nigh pressure 

liquid chromatography on ~ CI 6 zolumn witn ion pairing 
reagents to separate all four components. The extent 
of reaction is then determined from the resulting 
product peak areas. This assay is particularly useful 

20 fcr determining tne mhitition profiles of compounds 

which nave significant abscmance m the W- visible 
region between 2 93 and 34 0 ruM . 

The reaction mixture typically contains 0.1 M 
KPi; pH 8.0, C . 1M K01 , 0 . 5 mK FDTA, 2 mK DTT , and 0.2 

25 mK each of IMP and NAD. This solution is incubated at 

3" 7 °C for 10 minutes. The reaction is started by the 
addition of en cyme to a final concentration of 2 0 to 
100 nM, and is allowed to proceed fcr 10 minutes. 
After the allotted time, the reaction is quenched by 
30 the addition of mycophenoiio acid to a final 

concentration of 0 . 0 1 mK . 

The extent of conversion is monitored by HP— 0 
using 2 Ramin Kicrcscrb CDS column 018-200 of 
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dimensions 4.6 X 10 mm and a solvent system containing 
t e t r abut yl ammonium sulfate ; 5mM t in C.l X KPi cH c.C 
with a j- 3 0- methanol gradient ever 15 minutes. A 
similar solvent system has been used previously for the 
5 pur i float ion of halo-IM? derivatives. [D. C. Ant it mo 

ano J . C. Wu, Biochemi str y , 33, 17 53-1759 (1994; .] A 
'JY-momtor set at 2 54 nK is used to detect the four 
components, and the product peaks are integrated to 
determine the extent of conversion of the substrates. 

: c For the analysis of inhibitors, the compound 

m question is dissolved in DMSO tc a final 
concentration of 20 mM and added to the initial assay 
mixture at the desired concentration in a volume of 2- 
(v/v). The reaction is started by the addition of 

15 enzyme and after 10 minutes is quenched as above. 

After H?LC analysis, the product areas are used to 
determine the extent of conversion relative to a 
control assay containing only DMSO and no test 
compound. IC5G or Ki values are determined from ton 

2 0 unear least squares fitting of conversion vs 

concentration curves to the t l gh t -binding equations or 
Henderson. fP. J. F . Henderson, Biocnem . J . , 12^, 321 
'1 972 :- . ] 

We have measured the inhibition constants of 
25 each compound against IMPDH using an adaptation of the 

method first reported by Magasanik. [B. Ma gas am:-:, H. 
S. Keyed, and D. E. Gehring J . Biol . Chert. , 226, p. 339 

■; 1 957 ; ■ 

Insofar as compounds of formulae I -IX are 

3 0 able to inhibit IMPDH , they are of evident clinical 

utility for the treatment of IMPDH mediated disease. 
These tests are predictive of the compounds ability to 
inhibit IMPDH m vivo. 
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Experimental Section 

Synthesis of Representative Examples: 



Example 1 
Synthesis of Compound 1 




(1) 



To a solution of 2bmq {ISofimoie) 4-(5- 
oxazolyl -aniline in 250\iL CH 2 C1 2 was added 5 0\xL (400 

finoie; of benzyl isocyanate at ambient temperature. 
After stirring overnight, 1 was isolated in pure form 
by filtration with a 3:1 h e x a n e s / C H 2 C 1 2 rinse in a 

yield of 21mg (46%;. : H NMR (500MHz, CDCi 3 i 5 7 . 8 6 ( 5 ; , 
~' . b 5 ; d ; , '7 .33 id) , 7.22-^.35im), 0 . 3 9 ; s : , 5.0(br s > , 
4 . 4 3 < s . . Rf 0.30 £5>- MeOH/CK 2 2 1 2 > . 



2 0 Example 2 

Synthesis of Compound 43 
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To a solu::or. of glacial acetic acid ,'4 6:711':, 
acetic anhydride ',4 6ml, 4 85mmcle; and 2-chlcrc-«- 
n_tro toluene ;5g, 2 9.1mmole: at 0 °C was added ccnc. 
5 H2SO4 6 . 9mL ) in a dropwise fashion. Upon complete 

addition, Cr0 3 (G.08g, 8C.8mmole) was added portion- 
wise over 6C nir.s . Following an additional 15 mir.s of 
stirring at 0 °C, the reaction mixture was poured over 
ice and the resulting precipitate was isolated by 
1C filtration, rinsing with cold r^C. Purification by 

flash chromatography, elutmg with a gradient of 15-50"- 
EtOAc m hexanes, provided 2.02g [24%, 4 0V baseu cn 
recovered starting material; Bl as a white solid. The 

-H NMF. was consistent with that of the desired 
15 structure. 




Compound Bl was dissolved in 1:1 
20 ethanoi /water (2Cmi;, treated with cone. H^SO^ (2ml) 

and re fluxed for 1 hour. Upon cooling to ambient 
temperature, the reaction was extracted 3x ' s with 
diethyl ether. The ethereal solution was washed twice 
with water, dried over Na2SC>4 and concentrated .1 r, vacuc 
25 to yield a yellow solid. Purified product was obtained 

through two recrystailizations from hot Et 2 C / hexanes , 
yielding 6 2 2r.g ' A" . 6 ■ B2 as a lightly yellowed 
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that 



B3 

A mixture of B2 (200mg, 1.2mmoi), 
tcsy Irr.ethyl 1 so cyanide (236ng, 1 . 2mmc 1 ) , and powdered 
K-23^ (i72mg, 1.2nmole: in methanol ' 1 3mL) was heated 
a: reflux for 9C minutes and then stirred overnight at 
10 ambient temperature. Upon concentration to dryness, 

the fixture was partitioned between CH9CI2 and water. 
The orgarucs were separated, washed with C . 5N HCi, 
water and brine and then dried over Ua2S0^. The 

solvent was renoved in vacuo to provide a crude yellow 
15 solid. Purified product B3 was obtained through flash 

chromatography, elutmg with a gradient of 0-2. 5 1 CH3OK 
m CH2CI2, anci -ecrys tal 1 1 zaf ion : CH2 C 1 2 /hexanes ) in a 
yield of 3.3g (68%) as a light yell ow crystalline 
solid. The -H !TMR was consistent with that of the 




N- — 

B4 



A so 1 at 1 cn c f B3 (15 Omg , 0 . 6 7,-rjr.c iet in 
etna n c 1 ~ . 1 nut - was treated w : t h 2 r.C 1 - • 2 H - 0 (excess ; 



BNSDOCID <WO 9/<i0028Al 1 



W O 97/40028 PCTAJS97/06623 



ca. 5 equivalents) and heated at reflux tor 30 ^mu:es . 
The mixture was cooled to airJbient temperature, diluted 
with diethyl ether anc partitioned with 2 N T NaOH . The 
orgarucs were separated, washed with water and brine, 
cr.ed ever Na2S04 and concentrated in racucu Purified 
product B4 was obtained through flash chromatography, 
elutmg with a gradient of 3-0. 5? CH 3OH m CH2CI2, in a 

yield of 54mg (41.5%; as a light yellow oil. The 1 'A 
N7MR was consistent with that of the desired structure. 




(43) 



To a solution of 2 0mg (lOjjmoie: B4 m ImL 
CK2CI2 was added 20(il m- tolyl isocyanate at ambient 
temperature. After stirring overnight, 43 was isolated 
m pure form by filtration with an EtOAc/hexanes rinse 
m a yield of 25mg ("74%). NMR (500MHz, d 6 -DMS0) 5 

9,0 c is;, 8.73 (s), 8.50 (s), 7.9 9 (s;, 7.73 (d), 7.67 
is), ".42 < d ; , 7.31 ( s ) , 7.23 (a), 7.15 ■: t ; , c . 8 2 ( d ) , 
2.2^ is) . Rf 0.28 (5* KeOK/ CK 2 Ci ;j ; . 



BNSDOCID" <WO____974 0028Ai_i_> 



WO 97/40028 



PCT7US97/06623 



- 51 - 

Example 3 
Synthesis of Compound 56 




CI (8.14g, 51%) was prepared from 2-methyl-5- 
r.itroaniscle (10.0 '3, 60mmole) in a fashion directly 
analogous to the preparation of Bl as described above. 

The NMR was consistent with that cf the desired 
structure . 




1 5 C2 



A stirred suspension of CI (31.94g, 3 0 7mrr.ole) 
m dioxane :i0OmL) was treated with concentrated HC1 
{2 0mL< and heated at reflux overnight. Upon cooling to 

20 ambient temperature, the product C2 precipitated as a 

light yellow crystalline solid in a yield of 40.65g 
{ 7 3 . 1 " ; . The filtrate was concentrated to a volume cf 
ca . BOir.L and a second crop cf product crystals was 
driven from solution by the addition of hexanes, 

25 yielding 3.91g 16. 0 \ ■ . Both batches were identical by 

1 H NMP and TLC analysis and were consistent with that 
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5 C3 

A solution cf C2 (456mg, 2.5immoie), 
tosyinethyi isocyanide (49Cmg, 2.51mmole) and K9CO3 
(3 4 7:r,g, 251mmoie! were dissolved in methanol and heated 
10 tc reflux for 1.5 hours. The product mixture was then 

concentrated in vacuc, redissolved in CK2CI2' washed 
with water and brine, dried over Xa2SC* and again 
concentrated in vacuo. Purified product C3 was 
obtained through recrystal 1 1 za t ion f E: 2 0/ hexanes ) to 

15 yield 3"5mg (68%). The 1 H NMR was consistent with that 

cf the desired structure. 




C4 

2 0 

A solution of C3 4.2 14a, 1 9 . 1 runoi e ) in EtOAc 
;150trl was treated with IDlPd/C U.Oog, 25 wt . I of C3 > 
and subjected to 40psi H2ig.' 'Parr Hyd rcgena 1 1 on 
Apparatus: overnight. The reaction mxture was 
21 filtered and concentrated ir, vacuo. Pure product C4 
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was obtained :nrough flash chromatography, e luting wit: 
a gradient of 30-40* EtGAc/hexanes , in a yield of 3.4g 
/93Vi . The Mi NMR was consistent with that cf the 
desired structure. 

h H 

I I 
MeCX ^ .N. >J. 




(56) 



To a solution of C4 (25r.g, 0 . 1 3 Imrtc le ) m 
CH2CI2 (ImL) was added toll isccyanate ;25p.L, 

1C D . 1 97rrjnoie ) at arrJoient temperature. After stirring 

overnight, 56 was isolated m pure form by filtration 
with a CH2CI? rinse m a yield of 42mg ( 7 4 : h) . -H MM 
;b00MHz, d 6 -DMSO) 5 6.87 (s), 6.64 (sj, 8.37 (s), 7.6 
;d) , 7.46 (dj , 7.42 (s;, 7.33 is), 7.23 (d;, 7.16-7,1 

15 it), 7.05 (dd), 6.8C (d;, 3.97 ( s .■ , 2.28 (s:. P. f 0.A 

■ 5 ' KeCH/CrlpCl 9 ': 
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Examcle A 



3 vntr.es 1 s 



loinpcun: 




Dl 



To a solu::cr. of C4 <7 5mg, 0 . 3 94mirc ie * in 
di chlcroe:hane (5ml- was added 3-r.i:rcphenyl isccyar.ate 
i91^q, C . 59 Immc le ) a: ambient temperature. After 
stirring overnight, Dl was isolated in pure fori by 
filtration with a CH2CI2 rinse in a yield cf 1 1 0 . 3mg 

. 9 . The NMR was consistent with that cf the 
desired structure. 



NH 2 




(59) 



Tc a stirred suspension cf Dl I95mg, 
C . 2 63rrunole ) m EtOH (20mL) was added SnCl2*2H20 ;302mg, 
I.34mrr.oie) . The reaction mixture was Drought tc 
reflux, at which time dissolution occurred, for 1.5 
hcurs . The solution was cooled tc anbient temperature, 
dilutee: with E t OAc , washed with 2N N T aCK ana brine, 
cried '\~a2SO4) and concentrated 1 r: vacuo. Pure product 
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59 was obtained through flash cnror.atogr apny fluting 
with a gradient of 2 . 5-5? Me OH in OH 2 Ci 2 ), followed by 
selective crystallization of the desired material fror. 
sligntiy impure fractions ir. a yield of lS.^r.g :I8':. 
^-H NM? '500MHz, dg-DMSC) 6 8. 33 (s), 5.4 4 (si, 8.3 5 
is), 7.£>9 id), "7.48 (d), 7,4C (s), c. 97-7.04 (da), 
£,,8r-6.92 ( t ) , c.83 ( d ) , 6.54 ; dd } , 6.20 
s;. , 3.92 ! s) . R-p C.20 (5?. MeOH/ CH? 01 2 i . 



; dd ; , 



br 



ExamoLe 5 



Synthesi s 



jrr.DOund 1 



o 



15 



H 2 N 





El 



A solution of 3-atimcbenzylanune (826mg, 
6 . 8'/rr.r.ole ) and t r iethylar.me (2.39ruL, l".18mjnole; was 
treated with di - t-but y ^dicarbcna t e !1.50g, 6 . 3 Ircjnc 1 e ; 
and the mixture was stirred at arnbient temperature for 
2 hours. The reaction was then diluted with CH 2 C1;>, 
washed with NaHCC^taq;, water and brine, dried (Na 2 S0z; 1 
and concentrated in vacuo. Pure El was obtained by 
flash chromatography, eiuting with 25; EtOAc m nexane: 
m a yield of 2 0 0mg f4tt! . The : H NKR was consistent 
with that of the desired structure. 
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A solution of C4 (150mg, C.759mmoie! and 1,: 
5 dicarconyliT.idiazoie (160mq, 0 . 98 6mmoIe : were comcinec 

in THF ( 5mL) and stirred for 6 hours at ambient 
temperature. The precipitation of imidazole was noted 
To this was then added El [351mg, 1 . 5 Sirir.o le ; and 
dimethylaminopyndme (9 7mg, C . 7 g 9mmol e ; and the 

10 mixture was refluxed overnight, resulting m a 

homogenous solution. Upon cooling to ambient 
temperature, the reaction was diluted with EtOAc 
;20mL:, washed with KHSO^aq), water, and brine, dried 
!MgSC4 i and concentrated. Pure 113 was obtained 

15 through flash chromatography, elating with a gradient 

of 2G-3G-35* acetone m hexanes in a yield of 164mg 
(47V. . : H NMR (500MHz, d 6 -DMSCl 5 8.90 (3), 6.75 \s\, 
6.3 8 ;s), 7.6C (d), 7.51 (s), 7.3-7.46 rr. , ~ . 2 1 - ~ . 2 " 
it), 7 . c 5 ( dd ) , 6.87 (d;, 4.12 . d , 3.93 ; s . , 1.44 ! s 

20 FU 0.2: (5?, MeOH/CK 2 Cl 2 ) . 
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Synthesis of Compound "7 0 




(70) 



A solution of 3-ch:cro-4-cyanoaniline (SOOng, 
".7 6mmole) and /n-tolylisocyanate (l.OmL, 3 . 1 7mmc le ; m 
CH-?C1~ (3 nil) was stirred overnight at ambient 
temperature. The reaction mixture was concentrated and 
1C pure 70 was obtained through M?LC, elutmg with 1 v, Me OH 

m CH 2 C1 2 ' in a yield of 285mg (31%). 1 H MMR fSCOMHz, 
dg-DMSOj 5 9.36 (s), 8.88 ;s), 7.94 (s;, 7.83 (d), 
".44 !di, 7.30 (s;, 7.24 -d), 7. IS-" 7 . 20 (t), 6. 82 (d), 
2.29 is). R f 0.36 (5% MeOH/CH 2 C 1 2 ) . 



Example 7 
Synthesis of Compound 108 




To a solution of 3 , 4 , 5- t r ime tnoxyace topher.or.e 
:9.2g, 4 3.4 mmo 1 i m pyridine : 3 Srr.L ) was added selenium 
dioxide { 6 . 3 g , 5 6 . 7mol :• and tne resulting solution was 
heated at reflux overnight. Tne reaction mixture was 
cooled to ambient temperature, filtered through cel:te 
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ana concentrated to yield a dark crow:: oil which was 
dissolved into ethyl acetate anc washed with 1.1 N HCl 
a r. d then with saturated N a K C 0 3 . The basic aqueous 
layer was diluted with ether and acidified with 
5 concentrated HCl. The layers were separated and the 

organic phase was washed with brine and then dried 
( N a 2 S O 4 .■ to give 8.4 c of a dark yellow solid. 
Recrys tal li zation of tnis material from ethyl acetate- 
nexane then gave Gl (6.8 g? as a pa_e yellow solid. 

1C The -H NMR was consistent with that of the desired 

structure . 



15 



2C 



2 = 



MeO 




OMe 



(108) 



A fixture of 59 f€4mg, 0 . 2 Omr.c le : , Gl [3 00-g, 
1.2 Oriole) and ECC (3 00mg, 1 . 61r.rr.cle : m THF ( 5mlh was 
stirred overnight at ambient temperature. The reactio: 
was diluted with EtOAc (lSOmL), washed with water, 
dried :MgS04 > and concentrated ir. vacuo. Pure 108 was 
obtained through M?LC, eiutmg with a gradient system 
of C-l^MeOK m CH9CI? , in a Yield of 3~\4mc : 3 5 • • . 



- H NMR (52 0MHz, d ^ - DMS C ! 5 9.8 3 



8.23 is) , 8.16 



"3 "5 



(s), ^.65 [ s '; , 7.61 (sj, 7.35 (d;, 
7.27 :s! , 7.11 ( s ; , " ; . 7 6-'' . 1 it:, 6.94-6.99 

\ d ) 3 . 6 r ( s ■ , 3.63 { s } , 3 . 6 1 \ s ; . F f 0.26 < 5' 
M e C H / 2 H -> C 1 n ) . 



? c, 



; s 
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Example 5 
Synthesis of Compound 115 




(115) 



A solution of 59 (330mg, 1.58mmole) ana m- 
toll i so thiccyanat e (2.CmL, 14.7mmole< in CH2CI2 ( 5ml., 1 
was stirrea at ambient temperature overnight. To drive 
the reaction tc completion, additional /n-toll 
iscrhiocyanate (l.OmL, 7 .4mmole) was added and the 
mixture was heated to reflux for 3 hours. The reaction 
was concentrated in vacuo and 115 was obtained in pure 
form through MPLC, eiutmg with 0-5* EtOAs in CH2 C 1 ? *■ 

m a yield cf 210mq (39?,}. : H NKR ;500MHz, d^-DMSO) 6 

7.90 (s;, 7.S9 (s), 7.62 (s;, ' 7 . 7 5 ;d), 7.64 (s; ^.44 
is; , ~'.32-~ 7 .3~ (t;, 7.2 7 (s), 7.13-7.21 (m ;, 6.91 i dd j , 
3.98 <s;, 2.4C is) . 0.36 IS', Me OH / CH : C .1 7 ) . 



example 9 
Synthesis cf Compound 9 T 




II 



A solution cf n 1 1 r o a r. 1 1 1 n e ; ' 1 . 0 g , / . 1 Jiruno 1 e ■ 
in C H 7 C : ? ; 2bmh: was treated with pyridine ( 2 . 9ml , 
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b ; . - 

3 cmir.cle: and :r;f luoroace::: anhydride 
anc stirred at ambient temperature fcr 
reaction was diluted further with CH^C 

IN HCi ana brine, dried (MgS04 1 a nd co 

vacuo to yield II :i.€lg, 95: i as a wn 

x H NMR was consistent with that of the 
structure . 




12 

10 

To a slurry cf NaH (60* oil dispersion; 34 
mg, :.4 2mmoie) in THF [ 1 OmL ; at 0 °C was adaed a 
solution of II (2 00mg, O.Sommole: in THF { 1 OmL) ana the 
mixture stirred fcr 1 hour. To this was added methyl 
iodide :iO0uL, 1.7mmcie! and the mixture was stirrea 
overnight at ambient temperature. The reaction was 
poured into water and extracted with E t OAc . The 
orgamcs were separated, dried (MgSO^, and concentrated 
in vacuo. Pure 12 was obtained through flash 
20 chromatography, eluting with bl EtOAc m hexanes, m a 

yield of 1 63mg ( 66?, ) as a yellow solid . The ^ H NMR was 
consistent with that cf the desired structure. 




, 5mL , 3 6mmO' - e 
3 hours. Tne 
1 ? , washed wit h 

ncent rated m 

ite solid. The 

aes i r ea 



A solution cf 12 (l€3mg, 0 . 6 crrjr.o 1 e ) m 



etnanol \ 5ml 



wa: 



treated 



Pd/ 



an: 
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subjected to n 2 *1 atm. ; ftr 3 ncurs. 
filtered and concentrated in vacnc to 
64^) as a waxy solid. The : H NMR was 
that cf the desired structure. 




(97) 



To a solution of tripncsgene 3 Img , 
10 0. lC4^iole: in dichloroethane :irnL) was added in a 

dropwise fashion a solution cf B4 (50mg, 0.260mmole) 
and diisopropyiethylamme (67mg, 518nunoie) m 
dichloroethane (5mL) . The reaction fixture was stirred 
tor an additional 1 hour at ambient temperature, 
15 treated witn 13 :50mg, 0.230 mmole) and stirred 

overnight. The entire reaction mixture was subjected 
to flash chromatography, eluting with I 1 - MeOH in 
2H?Ci7, to provide pure 97 in a yield of" 8mg (7t) . ~H 
NMR JrCOMHz, d^-OMSO} 6 9.20 (s), 3.98 (s;, 6.39 ( s ) , 
20 " 7 .6^ (s), 7.63 (d), 7.48 (s;, 7.38-7.45 (ir.j , 7.Q/J-7.10 

:t;, 3.95 (5), 3.31 (s; . R f C . 37 MeOH / CH 2 C 1 2 :■ - 



The reaction was 
yield 13 ;' 1 2 Omq , 
consistent with 
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Example 10 
Synthesis cf Compound 111 
h h 




(111) 



A solution cf 59(50mg, G . 1 5 4rcno i e ) and 
tr letnyiamme (31mg, 0 . 3Q8m.mole ) in DMF ; 0 . 5 ml : was 
:rea:e: m a dropwise fashion with phenylacetyl 
chloride (2 Sing, 0.169mmole) and the reaction stirred 

10 overnight at ambient temperature. The mixture was 

diluted with CH2CI2/ washed with NaHCC^Iaq) and water, 
dried over MgSO^ and concentrated in vacuo. Pure 111 
was isolated by flash chromatography, eluting with 2'r. 
Me OH m CH2C12/ in a yield of 4 2mg (62>; . -H NMR 

15 ;500MKz, d 6 -DMSO) 6 10.20{s), 8.90 (s), 3.79 {si, 8.39 

is), " 7 .86 (s.!, 7.63 (d;, 7.53 :d), ^.44 (si, ^.CS— .40 
f .m) , ^.22 (t), 7.14 (d), 7.05 ( dd ) , 3.96 ( s ;■ , 3.66 (si. 
R f 0.31 ( 5 % Me OH / CH 2 C 1 2 J . 

Example 11 

2 0 Synthesis of Compound 102 




Kl 



A solution cf 2 -me thy 1 - 5 - ni t r obenzo 1 c acio 
. log, 3 2.8nunole: in DKF :" 7 5mL; was treated with methyl 
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iodide (6.7mL, lC7.64mmcie; followed by powdered K 2 C0 3 
\\l.2z, 12 4.2mr.cle) (extreme exctherx ana the 
suspension stirred at ambient temperature overnight. 
The reaction mixture was partiticnea becween EtOAe and 
water, the orgar.ics separated and washed with water and 
brine, dried (N^SO^ and concentrated in vacuo to 
yield Kl ;15.86g, 98*1 in pure form as an off-white 
solid. The 1 H NMR was consistent with that of the 
desired structure. 




K2 (4.09g, 15.2"' was prepared from Kl 
15 (15.86g, 81.3mmole) m a fashion analogous to the 

preparation of Bl as described above. The -H NKR was 
consistent with that of the desired structure. 



MeO ? C 
OHC 




2C K3 

A solution of K2 ;'2.5g, S . 03mir.cle ; m dioxane 
(lOmL; was treated with cone. HCi (C.SmI/; and the 
mixture was heated to reflux for 2 hours. Adoiticna- 
2 5 cone. HCI ! 0 . 5mL ; was added and the reaction re fluxed 

fcr 3 hours longer. The mixture was diluted with 
EtOAc, washed with water and brine, dried (Na2 5G 4' and 
concentrated m vaouo. lure K3 was obtained through 
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flash chromatography, eluding with a graaier.: of 2>- 
5C^ EtpG ir. hexar.es, in a yield of 1.14:: -;66';. Als 
isolated was 2 1 5rr.g : 1 1 . 6 - of :ne hydrated aldehyde. 

The NMRs were consistent: with that of the desired 
structures . 




K4 



10 A solution cf K3 (3 00mg, 1.4 3mmole) in 

benzene ;5mL) was treated with 1, 3-propane dioi ;I14jiL, 
1 . 5"3rrjtiole ; and p-TsOH-h^O (2 7:r\g, C . 1 4irjr.o 1 e : and the 
mixture was re fluxed with Dean- Stark removal of water 
for 4.5 hours. The reaction was cooled to arrloient 

15 temperature, partiticned between EtOAc an: dilute 

NaHCCn, the orgar.ics separated, wasned with brine, 

drieo (Na2SC>4: and concentrated in vacuo. Pure K4 was 

obtained through flash chromatography, eluting with a 
gradient cf 20-25% Et20 in hexar.es, in a yield cf 
2C 224mg (84.5*; as an off-white crystalline solid. The 

*H NMR was consistent with that of the desired 
structure . 




K5 
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A solution of K4 (289mc, 1 . G 6 mmc 1 e '; in THt 
fSr.L! 1 at 0 °C was treated drcpwise with a solution cf 
DIBAL ; 1 . QM in CH2CI2; 2.7x1, 2.7mnole) and stirred 
for A'j minutes. The reaction, was quenched by addition 
of saturated Rochelle's salt solution : 1 OmL i , dilutee 
with EtOAc and stirred for 30 minutes. The orgamcs 
were collected, washed with brine, dried (Na2S04) and 
concentrated ir. vacuo to give 2 5Cr.g (97^) cf K5 as a 
white crystalline solid. The : H MMR was consistent 
with that of the desired structure. 

OBz 




K6 



15 A solution of K5 ;250mc, 1 . 0 ^mjxc 1 e j in CH^Cl- 

■ 4mL; at 0 °T was treated with pyridine (IIOulL, 
i.37mmole;, benzoyl chloride {146\iL, 1.2 6mnoiei and 4- 
OMA? (catalytic:, and stirred at ambient temperature 
overnight. The reaction mixture was diluted with 

20 CHpCl;, washed with 0 . 5N HCi, water and brine, dried 

;Na2SCV) and concentrated in vacuo. Pure K6 was 
obtained through flash chromatography, eiutmg with '0 
F.tOAc in hexanes, m a yield of 3 4 0mq '. 9 9 as a white 
solid. The ~H NMR was consistent with that of the 
2 5 desired structure. 
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K7 

A soiutior. cf K6 : 3 2 6~g , 0 . 9 9rrcno 1 e ; i r. 

5 dicxane was treated with 2 . ON HC1 { 5mL > and the 

mxture heated at 80 °C overnight. The reaction mixtur 
was diluted with EtOAc and washed with saturated 
NaHCC'5 ! ac> , water ana brine, dried \l\^2^ rj ^^ anci 
concentrated m vacuo. Pure K7 was obtained through 

0 flasn chromatography, elutmg with 3 C -> Ht?0 in hexanes, 

i n a yield of 2 0 8 ng ■:' 7 7 . 5 ■> ) as a white solid. The 1 H 
NMR was consistent with that cf the aesirea structure. 




K8 



A solution of K7 ; 2 0 8mg, 0 . 7 2 9:rJto 1 e ; m Me OH 
(6ml: was treatea with K-yZO^ {iClir.g, 0 . " 6 Snuno 1 e i and 
TcsKIC ;149ng, 0 . 7 6 5mmo 1 e ) and the solution, heated at 
6C °2 for one hour. The reaction was concentrated ir. 
'/acu;, redis solved m CH2CI7 ana washea with 1 . ON NaOH 
(diluted with saturated N*aHC03 ;• . The aqueous portion 
was back-extracted with CH 2 C-2' tne or games combined 
anc washed with water and brine, cried : ' N a 9 S 0 4 ': and 
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concentrated :r vacuo. Pure K8 was obtained through 
flas.u chromatography, e luting with a gradient cf 1C 
5C. acetone m hexanes, m a yield of 70mg (446) . 7 
-H N7XR was consistent with that of the desired 
structure. 




10 A solution cf K8 (70mg, C.31S} in acetic 

anhydride '1.5r?.L; and pyridine 'l.jrr.D was treated with 
4-DMAP (catalytic) and stirrea at amhuent temperature 
for 3 hours. The mixture was diluted with CH7CI2/ 
washed with 1 . ON HC1, water and brine, dried (Na2SO^j) 

15 and concentrated in vacuo tc provide K9 m a yield of 

3 2mg (98^: i as a pale yellow solid. The 1 U NKR was 
consistent with that of the desired structure. 



AcO 




K10 



A s c 1 u 1 1 o n o f K9 ( 8 Oir.g , C . 2 0 Smr.c 1 e : 1 n 
E tCH '4ml.': was treatea with SnCi2*2H20 ;,24 1mg, 
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- 6 8 - 

1 . 0 7 irjno 1 e and the mixture heated at c Z °C :cr 5 C 

minutes . The reaction was diluted with EtOAc, wasr.ed 

with saturated N a H C 0 3 , water and brine, dried J N a 9 S C j 

and concentrated :r vacuo. Pure K10 was obtained 
through flash chromatography, elutmg with a gradient 
of 20-3Ct acetone in nexanes, m a yield of 52mg 

~ 2 . A as a pale yellow oil. The *H NMR was 
consistent with that of the desired structure. 

AcO 




IC Kll 



A solution of K10 ,'52itg, 0 . 224mmoie ^ in 
dichloroe thane (2mL) was treated with m-toiyl 
isocyanate (43|uL, C . 3 3 6mmo 1 e : and stirred overnight at 
15 ambient temperature. The mixture was diluted with 

CH9CI2 : hexar.es (2:1), filtered and rinsed with the same 
solvent system to provide Kll ;67mc, 82?; as a white 

solid. The ~H NMR was consistent with that of the 
desireo structure. 



OH 
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A solution cf Kll (33mg, G.09mmcle; m Me OH 
:2mL: was Treated with 1 . ON NaOH {135 uL, O.i35imole; 
and stirrea at ambient temperature for 1.5 hours. Tne 
reacticri was neutralized by addition cf 1 . ON HC1 (135 

ana concentrated in racuc. The white solid was 
rinsed with water and CH-Cl 2 ■ hexane s 12:1) and dried 1 
vacuo to provide 102 ;20mg, <&■ ' as a white solid. -H 
NMR 1500MHz, d 6 -DMS0) 5 9.29 (s), 9.00 (s), 3.42 (s), 



t !< , c . 8 0 id;, 5.39 { t ; , 4.58 is) , 2.28 
(1:1 hexanes/acetone) . 



a , , > . i o 
R ^ 0.13 



15 



E xample 12 
Synthesis of Compound 106 



MeO 




(106) 



A solution cf C4 i5 0mg, C . 2 6 3mmo 1 e < m THF 
(2mL) was treated with C21 (53mg, C . 3 3 Cmmole :■ and 
stirred at ambient temperature for 4 hours. To this 
was added 1-acetyl - 6- ammo mac 1 e (93mg, 0 . 52 Gntmo le , 
S 1 gma Chemical Co.) and 4-DMAP :3 5mg, 0 . 2 8 9mmo 1 e ) and 
the mixture refluxed overnight. Diluted with EtOAc 
;10GmL., washed with 5 ; KHSO4 , water ana brine, ariea 
(NaoSCu; and concentrated in vacuo. P.eoissolveo ; n 
£ tOAc ana filtered tc remove 1 :: msoi uij 1 e materials and 
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re concent rated in vacuo. Pure 106 was obtained three go 
flash chromatography , elutmg with a gradient of 50- 
c:._ acetone in hexanes, ir. a yielo of 37mg 3c. as a 
white sella. 1 H NMR \ 5 3 CMH z , d ^ - PMS C :■ 5 3 . 7 9 ■; s ; , 8 . 7 4 
( . s,, ( S ), 8.11 (s), 7.62 (d/, 7.4 7 ( S ;, ~.4 3 ; s : , 

".30 (a;, ~.13 (a), ;d), 4.11 ; t , 3.94 is;, 3 . C 7 

t ; , 3.1" is) . Rf 0.14 (1:1 hexanes/ acetone ; . 




(168) 

A suspension of 113 (from Example 5; ;250mg, 5 . 7 6mir.o 1 ; 
m CH2CI2 (imL) was treated in a dropwise fashion at 
ambient temperature with several equivalents of 
tr 1 f lucroacet ic acid and stirred for 90mm. The 
resulting solution was stripped m vacuo and tritrated 
with CH2CI2 ar >3 methanol. Pure product 168 was 
isolated by filtration m a yield of 2 58mg ' 9 9 '• . . The 
^ r: NMP was consistent with that of the desired product. 




(120) 

A suspension of 168 '25Cmg, 0.55mmc^: 10 21rtL of 
CHeC 1 2 /' 2)MF .' 2 C : 1 by volume ; was treated with triethvl 
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amine (193uL, 1.3 6mmcl; and stirred at ambient 
temperature until homogeneity was reached. The 
solution was ceded tc 0 C, treated witr. (S) 3- 
letrahydrof uranyi -N-oxysuccmimiayl carbonate ( c 3 5mg , 
C.608mmol) and allowed tc stir overnight with warmmc 
to anient temperature. The mixture was poured into 
ethyl atetate (BOOmD, washed with NaHC0'3(aq; :' 2x] , 
water (2x), and brine (lx), dried over Na 2 S0 4 and 
stripped in vacuo. Pure product 120 was isolated by 
tritration (30mL CH 2 C1 2 , 10C ~ : - ether) in a yield of 
2 12mg ( 8 5 M . The *H NKR was consistent with that of 
the desired product. 



1 5 Examp le 14 

IMPDH Activity Inhibition Assay 

We measured the inhibition constants of the 

20 compounds listed m Table III utilizing the following 
protocol : 

IM? oenydrogenase activity was assayed 
following an adaptation of the metned first reported by 
Magasanik. [Magasanik, 3. Moyed, H. 3. and Gehrmg D. 

21 3. :1957) J. 3iol. Chem. 22jl, 339]. Enzyme activity- 
was measured spect rcpho tomet r ical 1 y , by monitoring the 
increase in absorbance at 34 0 nm due tc the formation 
of NADH (e340 is 6220 K _1 cn~ : ; . The reaction mixture 
contained C.l M Tris pH 9.0, 0.1 M KC1, 3 mX EDTA, 2 mK 

30 DTT, 0.1 K IMP and enzyme (IMPDH human type II) at a 

concentration of 15 tc 50 nH . This solution is 
incubated at 3^ c 0 for 10 minutes. The reaction is 
started by addmc NAD to a final concentration of C.IK 
and the initial rate is measured by following the 
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linear increase m absorbance at 3^0 nm for 10 minutes. 
For reading m a standard spectrophotometer (path 
length 1 cm) the final volume in the cuvette is 1.0 m~ . 
The assay has also been adapted to a 3 6 well micro titer 
5 plate format; m this case the concentrations of all 

the reagents remain the same and the final volume is 
decreased to 2 00 pi. 

For the analysis of inhibitors, the compound m 
question is dissolved m DMSO to a final concentration 

10 of 20 mM and added to the initial assay mixture for 

preincubation with the enzyme at a final volume of 2- 
;v/v). The reaction is started by the addition of 
MAD, and the initial rates measured as above. K 1 
determinations are made by measuring the initial 

15 velocities in the presence of varying amounts of 

inhibitor ana fitting the data using the 1 1 gh t -b i ndir.q 
equations of Henderson (Henderson, ?. J. F. (1972: 
Eiochem. J. 127 , 321 ] . 

These results are shown m Table III. K x 

2C values are expressed m ruX . Category "A" indicates 

0 . C 1 to 5 C nm activity, category " B " indicates 51-1007 
nm activity, category "C" indicates 1001 to 1 0,000 nm, 
activity, category NX D" indicates greater than 10,000 nm 
activity. The designation "ND" is used where a given 

2 5 compound was not tested. 
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Table III 



Cmpd 




Cmpd 








# 


\ i " * r 


# 


(nM) 


# 


(nM 






4 0 


C 


78 


3 






4 1 




7 ^ 


B 




B 


■> "i 


E 


8 0 


; - 


•s 




43 


3 


b . 


(3 






44 


— 


b r 




o 




4 3 


0 




3 


1 


3 


4 6 


3 


OH 


3 


H 




4 7 






B 






48 


C 


Sri 


'2 


10 




4 9 




c ■ 




i - 






D 


& 0 






z 


5 1 


2 ! 






^_ / 




c 

-J 




'Or 


- 


1 4 




5 3 


■_■ 


G 1 




1 5 




54 


0 


G 2' 




1 i 




55 


A 


0 ~ 


A 


i " 


3 


56 


B 






ie 






3 


? 5 


2 


^ a 




5 8 




0 o 


B 


9 f : 




5 9 


A 


G 


A 


-) T 




60 


B 


9 0 


3 


i_ A. 




61 


D 


9 9 


A 


'"I " 




62 


0 


1 jC 


B 


24 


3 


63 


_ 


101 


0 


J. T' 




64 


3 


1 0 2 




2 r" 




65 


B 


^ ■" . *i 
i < 








66 




10 4 




"> 




60 




1 o 5 


B 


' !> G 




66 




1 0 6 


B 


3 0 




69 


B 


1 ■"■ 1 


A 


3 1 




70 




10 8 


B 






/' ± 




1 -J 9 


B 




D 






110 


B 


j *-i 




7 3 


B 


111 


A 






7 4 




112 








7 




:i3 








76 




~ - 4 


B 




D 




B 


115 


B 
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K : 


Cmpa 








Cnp a 


r' , 


** 


;' r_M ': 


# 


: :■ 






# 


; nM 


: 1 - 


A 


129 


/-i 


142 




15~ 


f \ 




3 


1 3 0 


A 


1 4 3 




1 5 0 




lie 


r- 


1 3 : 


A 


1 4 4 








1 1 9 


A 


132 


A 






— 




1 2 0 


A 


133 


A 


146 




1 3 




121 


A 


134 


A 


14^ 


A 


160 


A 


122 






A 


148 


A 


1 6 1 


r 


1 2 3 




1 3 6 


A 


149 


A 


1 62 


A 


j. — ' ^ 


A 




B 


150 


A 


163 


3 




A 


136 


A 


151 


B 


16 4 


B 


12 6 


Zi 


139 


3 


152 




1 65 


A 




A 


140 


A 


Id3 


A 


16 6 


D 


1 2 8 


A 


141 


A 


154 


A 


"63 


E 



168 £ 



Hxampl e 13 
Ant l -Viral Assays 

5 

The ant l -viral efficacy of compounds may be 
evaluated in various _in v::ro and in v: vc assays. For 
example, compounds may be tested i r. in v::rc viral 
replication assays. I_n vitro assays may employ whole 

10 cells or isolated cellular components. In vivo assays 
include animal models for viral diseases. Examples of 
such animal models include, but are not limited tc, 
rodent models for HBV or HCV infection, the Woodchuck 
model for HBV infection, and cnimpanzee model for HCV 

15 infection. 

While we have aescribe j a number of 
embodiments of this invention, it is apparent that cur 
basic constructions may be altered tc provide other 
embodiments which utilize the products and methods of 
20 this invention. Therefore, it will be appreciatea that 
the scope of this invention is to be defined by the 
aooended claims, rather than bv the soecLfic 
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errJDodirr.en 1 5 wh 
ex ancle . 



h have been presentee: by way of 
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CLAIMS 

We cl air?.: 

I. A method of inhibiting IMPIH activity i: 
a mammal comprising the step of administering to said 
ramr.a i a compound of the formula: 




wherein: 

A is selected from: 

(C1-C5; -straight or branched alkyl, or (C2- 
Cg! -straight or branched alkenyl cr alkynyl; and A 
optionally comprises up to 2 subs t 1 t uent s , wherein: 

toe first of said suds t 1 tuen t s , if present, 
is selected from P. 1 or r3, anc j 

the second of said substituents , if present, 

is R - ; 

B is a saturates, unsaturated or partially 
saturated monocyclic or bicyclic ring system optionally 
comprising up to A heteroatoms selectee from N, C, or £ 
and selected from the formulae: 




wherein each X is the number of hydrogen atoms 
2 z necessary to complete proper valence; 
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/ - 



ana B op:;cnaily comprises up to 3 sues: i :uer.: s , 
where ir. : 

the first of saia subs t i tuents , if present, 

is selected from R 1 , R 2 , R ^ or R D , 
5 the second of saia subs t i tuents , if present, 

is s electee: from R- or R^ , and 

the third of said subs t i tuents , if present, 

is R 1 ; and 

D is selected from C(j), C ( S :■ , cr SO) 2' 
. C wherein : 

each R 1 is independently selected from 1,2- 
methylenedioxy , 1 , 2-ethyienedioxy , ?° or (CH2! n " Y; 
wherein n is C, 1 cr 2; and 

V is selected from halogen, CK, NO?/ OCF3, 

.5 OH, SR £ , S(2')R 6 , SO9R 6 , NH 2 , NHR 6 , K-P° , NR 6 R 3 , COOH, 

COOR c or OR^ ; 

each R 2 is independently selected from (-1*^4)- 
straight or branched alkyl, or ( C 2 - C J - s t r a 1 gh t or 

branched alkenyi or alkynyl; and each R~ optiona. ;y 
2 C comprises up to 2 subs t 1 tuents , wherein: 

the first of saia substi tuents , if present, 

is selected from. R 1 , R 4 and R°' and 

the second cf said subs t 1 tuent s , if present, 

:s R 1 ; 

25 ?3 is selected from a monocyclic or a oicyc+Lo 

ring syster. consisting of b to c members per ring, 
wherein said ring system optionally comprises up to 4 
netercatoms selected from N, C, or 2, and wherein a CH 
adjacent to any of said N , O, cr 2 netercatoms is 
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cptior.aliy sucstituted w i 1 h C ; C ' ; ar ; ?i ea: r. ? - 
option ail y c o rr.p rises up to 3 subsriruer.-.s, wherein: 

rne first: of saic sues t i t uen t s , if preset:, 
is selected from R-, R 2 , r4 cr p:^ 

the second of said substi tuents , . f present, 
is selected from R 1 cr R 4 , and 

the third of said sues t i t cent s , if present, 

IS r ~ 

each R ^ is independently selected frcrc OR 5 , 
gcmor 6 , oc:o)F 5 , oc:o)OR 6 , c ; or-, go ;o: :c <r 6 ) 2 , 

C? fOMOR 6 :- SR 6 , SR 5 , KO^R 6 , SiQ.R 5 , SO9P 6 , SC 2 R 5 , 

30 2 n;r 6 . 2 , so 2 nr 5 r 6 , so 3 r 6 , :(0)r~, g;o)or 5 , c:c:-r 6 , 

C (O; OR 6 , NC :0) C (O) R* , NC f G ) 3 i O ; P 5 , NC (O) C (G.) OR 6 , 

:;c ; o) c ;o; n (R" ;■ 2 , c <0) n :p 6 2 , :(C)N'(OR 6 ;r 6 , 



c (0} n (o? 0 ■ r :, ( C{nor-')R- / 3:ngpg:r 5 , rc(P^; 2/ :;r< 

NR e C (0; R 6 , NP 6 C (CI F 5 , N? 6 C (□.■ DP. 6 , NR 6 C (O; OR-', 

r:P 6 C (C : N •• P • } : 2* nr6 C (O) NF 5 P 6 , NF 6 S0 2 R 6 , NR 6 S0 2 R 5 , 

MR 6 S0 2 :-; • P 6 . 2 , NR 6 5G 2 NR 5 F 6 , N ( OP 6 : i R 6 , N (OR 6 i ? - , 

P(C; ;CR 6 )N(FG : ; 2 , and P,C] (OR 6 ) 2 ; 

each R is a monocyclic cr a o^cyc^iz ring system 
consisting of t to 6 members per ring, wherein said 
ring system optionally comprises up to 4 neteroatoms 
selectee from O, cr 5, and wherein a CH 2 adjacent t 

said N, O cr S maybe substitutec with C(C:; and each F 
optionally comprises up to 3 subs t 1 t uen t s , each of 
wh 1 c n , if present, is R - ; 
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s independently selected from K, : 2 ] - 2 4 ' 
straight or branched aikyl, or K^-C: ' straight or 
branched a 1 k e n y 1 ; and 

each R ^ optionally comprises a substituent that is R ; 
5 p;y is a monocyclic or a bicyclic ring system 

consisting of 5 to 6 members per ring, wnere.n said 
ring system optionally comprises up to 4 hetercatoms 
selected from N, 0, or S, and wherein a CK 2 adjacent to 

said N , C or 5 maybe substituted with C iO) ; and each R ' 
10 optionally comprises up to 2 subs t - tuent s independently 
chosen from H, ( C : -C 4 ..- straight or branched alkyl, or 
;c?-C4j straight sr branched alkenyl, 1,2- 
nethylenedioxy, 1 , 2-ethy ienedioxy , or '^-2 :, n~ Z; 
wherein n is 0, 1 cr 2; and 
15 Z is selected from, halogen, CN, NC- , CF3, OCF3, 

OH, SXi-C 4 )-alkyi, SC(C : -C 4 )-alkyl, SO; { C : -C 4 > -al ky 1 , 
NK 2 , NH ( C 1 - C 4 ) -alkyl, N ( ( C 1 -C 4 ) - a 1 ky 1 ;■ 2 , N ( (C : -C 4 ; - 
alkyl'R 6 , COOH, 2 ; 2) O ( C x -C 4 ) -al ky 1 or 0 : C : -C 4 ! -al ky 1 ; 
and 

20 is an amm: protesting group; and 

wherein any careen atom in any A, 3^ or R° is 
optionally replace! by O, S, 50, 2 1 2 ' N: ~-' or Ni2>-C 4 :- 
alkyl . 

25 2. The method according to claim 1, wherein 

m said compound, 3 has from 2 to 2 subs t 1 tuent s . 



3. The method according to claim 
wherein m saio compound, B comprises at least a first 
suDsti tuent a no wherein said nrst suns ti tuent is R~ . 
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4. The method according to claim 1, wherein 
m said compound, Bis a monocyclic; aromatic ring and 
said first substituent of B is a ncnocyc.i: aromatic 
ring . 

5. A method of inhibiting TMPDH activity in 
a mammal comprising the step of administering to said 
mammal a compound of the formula: 



.0 



N 

H H 

wherein : 

D and each B are defined as in c^aim 1. 

15 6. The method according to claim 5, wherein 

m said compound, at least one 3 nas from 0 to 2 
subs t i tuents . 

t. The method according to claim 5 or 6, 
20 wherein m said compound, one B comprises at least a 

first substituent and wherein said first substituent is 



8. The method according to claim 7 , wherein 
m said compound, said B is a monocyclic aromatic ring 
and said first substituent if said Bis a monocyclic 
aroma t i c rinc . 



9. A compound of the forr.ula: 

wnere m : 
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A, D, and B are as defined in claim 1; 
S is G or S; ana 

G and G' are mdepenaent 1 y se ^ecied from F.l or H. 



10. A compound cf the f :rr.ula 




10 



15 



wr.er e m : 

nc 

z. , G and G 1 are as defined in claim 9; 

E' is a saturate.-, unsaturated or partially 

saturated monocyclic or bicyclic ring system optionally 

comprising up to 4 heteroatoms selected from N, O, or 5 

» 

and selected from the formulae: 





or 



and 3' optionally comprises up to 
whe rem : 



suostituent s , 
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the firs: cf said s ubs t i r uer. t 5 , if preser.:, 

is selected frcm R^ , R- , F> cr R~, 

the second of said substituents, if preser.: 

is selected from R ^ or R 4 , a no 

the third of said suns t 1 t uen t s , ^f present, 



is R 1 ; 



wherein X, 



p 1 



, R^, R" 4 and R r are as defined m claim 5 



wherein if B is unsubs t l t u: ed phenyl and all 
substituents present are on E' are R 1 , then 



r. sa: 



-east 



10 one cf said R- substituents is not chloro, brorr.c cr 
icdo; and wherein B and B' are not simultaneously 
unsubs: i tu t ed phenyl. 



11. The compound according to claim 10 
15 ha vi no the formula: 




whe re m : 

K is selected from R- and P 4 ; and 
J is selected from R : , R 2 , ar.c R 4 . 

12. The compound according to claim 11, 
wherein D is - C £ O ; - . 



wnere : 



13. The compound at cording t< 
is oxygen. 



:laix 



14. The comrjcund acccrair.c :: 



:laim 1 



w nerem J is NR ■ 



i) R : 



NR°C (C! R- . 



BNSDOCID' .WO 9740028A1 



WO 97/40028 PCT/US97/06623 



- 9.3 - 



wherein J is NF. c C(0)R°. 

5 16. The zompcur.d according :c ciaim 15, 

wherein J is K ( CH3 ) : : 0) R 6 . 

1 7 . The compound according to claiT 11, 
wh ereir. K is ( CK7 ! n - Y . 

10 

18. Tne compound according :c claim 17, 
wherein K is OCH 3 . 

19. The compound according to claim 11, 
15 wherein G is hydrogen. 

2C. The compound according to claim 16, 

wherein : 

2 is - C ( C ) - ; 
2 0 E is oxygen; 

K is OCH 3; and 

G is hydrogen. 

21. The compound according to claim 11, 
2 5 wherein J is R 2 . 

22. The compound according to claim. 21, 
wherein E is oxygen. 

3-' 23. The compound according to claim 21, 

wherein J is R" substituted with ?\ 
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1:4. Trie compound according to claim 23, 
wherein is NR 6 C : 0 ! OF 5 o r NR 6 C . C ; OR ~ . 

25. The compound according to claim 21, 



wr.erei n 



_ V 



26. The compound according to claim 2 5, 
wherein ?: is OCH3 . 



The compound according to claim 2. 



wnere m : 

I' is -C (0) -; 

E is oxygen; 

V. is OCH3; and 

15 (j is hydrogen. 




wherein K :s selected from P. ^ and R^; and 

A, 0, R 1 and R 4 are each independently as defined m 
claim 1 . 



wnere in 



29. The compound according to claim 23, 
is -TO' - . 



BNSDOCID <WO__ 9740028A1 



WO 97/40028 



PCT/US9 7/06623 



3C. The corr.pcuna according :.c claim 28, 
wh ere- n A is a mc no o y c lie aror.ati c r l r. g 3 Jo~::tuted 
wr.r. 1-2 sui: scituent s selected f rcir. the ?rcup 
censoring of NR 6 C;0;R 6 , NR 6 C ;0) R- , 2H 2 NP c C ( C) OP - , anc 

CH?NR 6 C (O) OR- . 



1 2 



21. The compound acccrdmc to :.a:m 30, 
wherein A is a monocyclic aromatic ring subctirutec 
with 1-2 substituents selected from the group 

consisting of CH?XR 6 C ( O ) 3R 6 and CH ? MR 6 C i 0 ) OR 5 . 



12. The compound according to claim 28, 
wherein K is ;CH7) n -Y. 

13. The compound according to claim 32, 
wherein K is OC H . 




wnere in : 



selected from C(0.i, 



r\ is selected 



rot Rl 



and R 4 



and S f 0! ; ; 



ana 



is selected from R-, P ^ , and R^ . 



2 r> 



wnere i n 



35. The compound according to claim 34 

IS - Z ( O ; - . 
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36. The cor.cci;nci according to c:a:~ 21, 
wherein J is NR 6 C(3'F. 5 or XR 6 CI0:R 6 . 



wnerem P. is 



.he compound according to claim 34, 
CH 2 ; n -Y. 



38. The compound according to claim 3t, 
wherein K is OCH3 . 

: 0 

Tne compound according to claim 10 
the group consisting of compounds 1-2"/, 
53-6?, 71-96, 88-89, 91-102 and 104-162 
IE ana 1C. 
15 

4 0. The ccrpcund according to clam 28 
selected from the group consisting of compounds 163-166 
in Table TIB. 



39. 

selected from 
29-31, 39-51, 
in Tanles I A, 



41. A pharmaceutical composition comprising 
a. a compound of the formula: 

H H 



H H 

m an amount effective to inhibit IKPDK activity, 
wnerein A, 5 and D are as defined in claim 1; 

b. ah additional agent selected from 
an immunosuppressant, an ant 1 -cancer agent, an anti- 
viral agent, ant unf lamma tor y agent, antifungal agent, 
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an:io:ct:c, or ar, ant : -vascular hyperprcl i f erat :or. 
agent; 

c. a pharmaceutical 1 y acceptance 

adi uvant . 

42. The ccrpositicn according to claim 41, 
wherein in said compound, at least one B comprises at 
least a first subs 1 1 tuer.t and wherein said first 
substituent is P 5 . 

10 

43. A pharmaceutical composition comprising: 
a. a compound according to any one of 

claims 9 to 40 in an amount effective to inhibit IMPDH 
activity; and 

15 d. a pharmaceutical iy acceptable 

adjuvant . 

44. The pharmaceutical composition according 
to claim 43, additionally comprising an additional 

2 0 agent selected from an immunosuppressant, an anti- 
cancer agent, an anti-viral agent, anti inf lammat cry- 
agent, antifungal agent, antibiotic, or an anti- 
vascular hyperproli f erat ion agent. 

25 45, A method for treating or preventing 

IMPDH mediated disease in a mammal comprising the step 
of administering to said mammal a ccmposition according 
to claim 41. 

30 4c. A method for treating or preventing 

IMPDH mediated disease m a mammal comprising the step 
of administering to said mammal a composition according 
t c claim 43. 
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47. The met ho a according to claim 4c, 
wherein sa^d coir.pcsiticn additionally comprises an 
agent selected from an. immune s uppr ess ant , an ar.t:- 

b cancer agent, an ant i -viral agent, antiinflammatory 
agent, antifungal agent, antibiotic, or an ar.::- 
vascuiar hyperprol i f era t ion agent 

48. The method according to any one of claims 
1C 45 to 47, wherein said method is used to suppress an 

immune response and wherein saic additional agent, if 
present, is an immunosuppressant. 



49. The method according to claim 48, 
wherein saia IMPDH mediated oisease is an autoimmune 
disease . 



50. The method according to any one of 
rlaims 4 5 to 47, wherein the IMPDH mediated oisease is 

2C ^ viral disease and wherein said additional agent, if 
present, is an anti-viral agent. 

51. The method according to any one of 
claims 45 to 47, wherein the IMPDH mediated disease is 

25 a vascular disease and wherein said additional agent, 
if present, is an anti- vascular hyperprol i ferat ion 
agent . 

52 . The method according to any one of 

30 claims 45 to 4 1 , wherein the IMPDH mediated disease is 
cancer and wherein said additional agent, if present, 
is an ant i -cancer agent. 
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5 2. The method acccrcin: to ar. y one cf clairr. 
4 t to 4" , wherein the IMPDK mediated disease is an 
:r.fia^atcry disease and wherein saia additional, agent 
if present, is an antiinflammatory agent. 
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